Impact of nutritional and environmental factors on plasma urea and amino acid concentrations in pigs by Cai, Yongjiu
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1992
Impact of nutritional and environmental factors on
plasma urea and amino acid concentrations in pigs
Yongjiu Cai
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, Animal Sciences Commons, and the Veterinary Medicine
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Cai, Yongjiu, "Impact of nutritional and environmental factors on plasma urea and amino acid concentrations in pigs " (1992).
Retrospective Theses and Dissertations. 10099.
https://lib.dr.iastate.edu/rtd/10099
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from any type of computer printer. 
The quality of Éfaîs reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the back of the book. 
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order. 
U n i v e r s i t y  V i c r o : : : m s  i - i e r r a i i o n a i  
A 3e, & Hcv.ei inîorT^ai'ûP C o n p a r v  
300 Norr Zees Rcac Ann Arbor -6'06-'3-:5 USA 
3 : 3 T 6 ' - : T 0 0  S O O  5 2 1 - 0 6 0 0  

Order Number 9S11479 
Impact of nutritiona! and envircnmsiital factors on plasma urea 
and amino acid concentrations in pigs 
Cai, Yongjiu, Ph.D. 
Iowa State University, 1992 
300 N. Zeeb Rd. 
Ann Arbor. MI 48106 

Impact of nutritional and environmental factors on 
plasma urea and amino acid concentrations in pigs 
by 
Yongjiu Cai 
A Disseitarion Submined to the 
Graduate Facuit\' in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Animal Science 
Major Animal Nutrition 
Approved: 
In Charge of'^Clajor Work 
For the Major Department 
For the Graduate College 
Members of the committee: 
Iowa State University 
Ames, Iowa 
1992 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS v 
GENERAL INTRODUCTION 1 
An Explanation of the Dissertation Organization 1 
LITERATURE REVIEW 3 
Introduction 3 
Dietary Factors 5 
Other Variables 9 
Perspective 14 
PAPER L DIURNAL VARIATION IN CONCENTRATIONS OF 
PLASMA UREA NITROGEN AND AMINO ACIDS IN PIGS GIVEN 
FREE ACCESS TO FEED OR FED T^MCE DAILY 18 
ABSTRACT 20 
INTRODUCTION 21 
MATERIALS AND METHODS 23 
Animals and Diet 23 
Catheterization and Care 24 
Blood Samples 24 
Experimental Design 25 
Data Analysis 25 
RESULTS 27 
Plasma Urea Nitrogen 27 
Plasma Free Essential Amino Acids 28 
Plasma Free Nonessential Amino Acids 31 
Plasma Free Less Common Amino Acids 33 
DISCUSSION 35 
Overall Changes with Sampling Points 35 
Dependence of the Overall Changes on Feeding Methods 36 
Differences between the Day and Night Periods 37 
iii 
Responses to :he Day-Night Time in Relation 
to Feeding Methods and/or Sampling Points 38 
Statistical Approach to the Diurnal Variation 39 
LITERATURE CITED 41 
PAPER 2. RELATIONSHIP OF BLOOD UREA NITROGEN AND UREA-CYCLE 
AMINO ACID CONCENTR.ATIONS IN PIGS TO BLOOD-SAMPLING METHOD. 
DIETARY ELECTROLYTE BALANCE AND WATER INTAKE 44 
ABSTRACT 46 
INTRODUCTION 47 
MATERIALS AND METHODS 48 
General 48 
Experiment I 49 
Experiment 2 49 
Experiment 3 51 
RESULTS AND DISCUSSION 52 
Effects of the Method of Restraining for Blood Collection 52 
Effects of Adding Cation (Na) to a Corn-Soybean Diet 53 
Effects of Limiting-Water Intake 56 
IMPLICATIONS 58 
LITERATURE CITED 59 
PAPER 3. UREA AND AMINO ACID CONCENTRATIONS IN PLASMA OF PIGS FED 
DIETS VARYING IN PROTEIN AND ENERGY OR POTASSIUM CONTENTS 62 
ABSTRACT 64 
INTRODUCTION 65 
MATERIALS AND METHODS 66 
General 66 
Experiment 1 66 
Experiment 2 67 
RESULTS 69 
Responses to Dietary Protein and Potassium (Exp. 1) 69 
Responses to Dietary Energy and Protein (Exp. 2) 71 
iv 
DISCUSSION 73 
Effects of Sex 73 
Effects of Dietary Energy 74 
Effects of Dietary Protein 75 
Effects of Dietary Potassium 76 
Interaction Effects 78 
IMPLICATIONS 80 
LITERATURE CITED 81 
PAPER 4. BLOOD UREA AND AMINO ACID CONCENTRATIONS IN PIGS OF 
TWO BREED COMBINATIONS AS AFFECTED BY ENERGY INTAKES 84 
ABSTRACT 86 
INTRODUCTION 87 
MATERIALS AND METHODS 89 
Animais 89 
Diets 89 
Blood Samples 92 
Statistics 92 
RESULTS 94 
DISCUSSION 100 
Linear Dependence of Growth on Energy Intakes 100 
Curvilinear Response of Plasma Urea to Energy Intakes 102 
Inverse Response of Plasma Essential and Nonessential Amino Acids 
to Energy Intakes 104 
Breed Difference of Nine Plasma Amino Acids Related 
to the Transport Systems in Tissues 106 
LITERATURE CITED 108 
GENERAL SUMMARY Ill 
REFERENCES 112 
APPENDIX A. CONVERSION OF PLASMA MEASUREMENTS TO AND FROM 
SI UNITS AND THE REFERENCE VALUES OF SOME PLASMA 
METABOLITES FOR PIGS 125 
APPENDIX B. DETERMINATION OF URINARY ALLANTOIN 126 
APPENDIX C. DETERMINATION OF URINARY AMMONIA 127 
V 
ACKNOWLEDGMEXTS 
I would first like to express the most sincere appreciation to my major professor. Dr. Dean 
R. Zimmerman. It is he who guided me from my knowing very little about swine nutrition to 
earning a Ph. D. degree. I am pleased to acknowledge that he gave me an opportunity to do 
this interesting project and a lot of freedom to explore and pursue my talents. More impor­
tantly, he has remained a teacher and friend throughout. He has been a real inspiration and 
"source of energy" to me. I appreciate and have benefited much from his advice. 
I would also like to thank Dr. Richard C. Ewan for his valuable time, particularly his 
patient counseling in the use of laboratory equipment and computer when I disturbed him 
anytime, even during some weekends and holidays. I appreciate that he has actually played a 
major role in my graduate program. I also wish to express my appreciation to Dr. Robert C. 
Summerfelt, Dr. Steve L. Nissen, Dr. Donald C. Beitz and Dr. Lauren L. Christian for serving 
on my ^aduate committee, stimulating discussion in the prelim and providing suggestions on 
this dissertation. 
Appreciation is also expressed to my fellow graduate students, in particular Roger Arentson 
and Ramon Gatnau, in the Swine Nutrition, Growth and Behavior Section and the Chinese 
friends on the campus, who have helped, supported, and befriended me during my tenure as a 
graduate student. The competent technical aid of Ann Weisberg and a lot of assistance from the 
farm crew and office staff are also acknowledged and greatly appreciated. 
Finally, the completion of this dissertation is an opportunity to thank my family for their 
continued encouragement. Special thanks is expressed to my parents in China for their under­
standing of the separation for a long time. My deepest thanks is given to my wife Gangui and 
son Jay whose patience, reassurance and confidence made this degree possible. 
GENERAL INTRODUCTION 
Concentrations of blood plasma urea nitrogen (PUN) in animals are inversely correlated to 
the quality of dietary protein and the rate of muscle growth. PUN concentrations may be 
useful indicators of inadequate amino acid intakes and animal to animal differences in protein 
accretion rates. The relationship has been used in protein nutrition and metabolism studies to 
determine amino acids requirement in animals. Indeed, empirical data show that the PUN 
response is more sensitive than any other conventional performance criteria responses, such as 
weight gain, feed intake and feeding efficiency. Concentrations of PUN are generally 
subjected to effects of many dietary and environmental factors. Many common variables that 
may influence PUN, however, are still unknown. Therefore, the variables should be consid­
ered in order to use the PUN indicator more precisely and accurately. 
The objectives of this dissertation study were to evaluate effects of blood-sampling times 
after feeding in pigs fed twice daily or ad libitum, stress of blood-sampling method, dietary 
acid-base balance, limited water intake, contents of dietary protein and potassium or protein 
and energy, genotype and energy intakes in 60 kg pigs on PUN concentrations. 
An Explanation of the Dissertation Organization 
This dissertation consists of a literature review and four individual papers that will be 
submitted for publication to refereed journals. Each of four separate papers is completed in the 
style appropriate to the journal. The first paper was submitted to the Journal ofNiarition. The 
second and third papers will be submitted to Journal of Animal Science. The fourth will be 
submitted to the Journal of Nutrition. The papers are preceded by a literature review and 
followed by a general summary. The references cited in the literature review follow the general 
summary. 
For a convenient reference to the data in this dissertation, the conversion of plasma mea­
surements to and from SI units {leSysteme international d'Unites) and the reference values of 
some plasma metabolites for pigs is given in Appendix A. Appendix B and C list methods for 
the determination of urinary allantoin and ammonia used in this dissertation study. The 
methods were modified from the literature and proved to be useful for small sample size. 
The research reported was conducted by Yongjiu Cai under the supervision of Dr. Dean R. 
Zimmerman. Mr. Cai is the primary author of the papers. He was principally involved in the 
collection, analysis and interpretation of data as well as the writing of these papers. 
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LITERATURE REVIEW 
introduction 
Urea, a waste product of protein catabolism, is synthesized in the liver of mammals by 
combining two molecules of ammonia and one of carbon dioxide. It is transported by blood to 
the kidney where it is excreted in the urine. 
In the literature, the process of synthesis is presented ps ureagenesis, the formation or 
production of urea. The metabolic pathway that catalyzes ureogenesis is usually called the urea 
cycle, Krebs, Krebs-Henseleit, or ornithine cycle. In the cycle, the enzyme arginase, only 
present in ureotelic organisms (excreting urea), hydrolyzes arginine to ornithine and urea. The 
purpose of the urea cycle is thus to convert ornithine back into arginine on a continuous basis. 
The synthesis and excretion of urea are complex and involved in many biochemical and 
physiological reactions, varying with the species of animals and being influenced both quanti­
tatively and qualitatively by many factors. In general, physiological and environmental factors 
affect levels of enzyme activity, whereas developmental and phylogenetic factors affect the 
expression of basic genetic information for the synthesis of enzymes involved in the urea cycle 
(Campbell, 1973). Levels of enzyme activity in animal tissues are controlled by modifications 
either in the amount of enzyme protein present or in the enzyme itself that affects its activity. 
The physiological importance of urea biosynthesis differs widely among animals. Many 
terrestrial animals synthesize urea as a mechanism for eliminating nitrogen and detoxifying the 
ammonia produced in protein catabolism (Mehler, 1986). The role of urea in nitrogen recy­
cling for protein synthesis has been reported in ruminants (Kennedy and Milligan, 1980), bears 
(Nelson, 1980), rodent hibemators (Reidesel and Steffen, 1980) and protein-deprived humans 
(Aebi, 1976). Elasmobranchs and some species of amphibians with osmoconforming 
4 
strategies produce urea and use it as an osmotic agent in their blood (Lee et ai., 1982; Degani 
et al., 1984; Brown and Brown, 1985; S aha and Ratha, 1987). A new function of urea 
production was recently found in the tilapia fish as a strategy for survival in a very alkaline 
environment (Randall et al., 1989). More recent studies have shown that in such terrestrial 
ureogenic animals as mammals, ureagenesis also plays a central role in regulating acid-base 
balance (Atkinson and Camien, 1982; Bean and Arkinson, 1984; Walser, 1986) through the 
removal of bicarbonate (Atkinson, 1992) or the retention of bicarbonate (Meijer et al., 1990). 
Another biochemical role of urea reported by Kamoun (1988) is that it acts on hydrophobic 
bonds and causes protein to unfold because all of the constituent groups of a protein are more 
soluble in urea solutions than they are in water. 
The concentration of blood plasma or serum urea nitrogen (PUN), normally ranging from 8 
to 25 mg/dL in mammals (Mehler, 1986), is dependent on the urea-cycle activity whose regu­
lation is essential to keep the cellular ammonia concentration within a narrow range. The 
concentration is inversely correlated with the biological value of dietarv' protein in animals 
(Eggum, 1970). Its variation is a sensitive indicator of the nutritional status under inadequate 
or excessive protein (amino acids) intake. Therefore, the relationship has been used as one of 
the biochemical parameters for assessing protein quality and quantity in humans (Jansen, 1981) 
and the amino acid requirement in animals (Brown and Cline, 1974). The PUN level is closely 
associated with the nutritional status of an animal and is unavoidably affected by many factors 
so that it is imperative to understand the effect of such nutritional factors. 
The objectives of this review are to investigate the nutritional factors affecting PUN with an 
emphasis on terrestrial mammals including humans and to also look at potential factors other 
than nutritional but that are directly associated with the amino acid metabolism of pigs. 
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Dietary Factors 
Protein 
Increasing the content of dietar\' protein elevates the PUN concentration. Most of the N 
contained in the diet is excreted by mammals as urea. The supply of protein, as a substrate for 
urea cycle, is considered a key regulator of urea production (Walser, 1981). The rate of urea 
production is linearly dependent on the concentration of plasma a-amino N in response to an 
exogenous amino acid load (Rafoth and Onstad, 1973; Vilstrup. 1980. 1984). A high protein 
diet also causes an elevation of enzyme levels of the urea cycle in the liver of rats and mice 
(Colombo, 1981). An increase in enzyme activity is dependent on amount and kind (quality) 
of protein ingested (Deosthale and Tulpule, 1969). High protein intakes showed a positive 
correlation with the urea content of the liver (Stewart and Walser, 1980; Saheki et al., 1977). 
High-protein diets resulted in the highest urea transfer and ammonia absorption (Demigne and 
Remesy, 1979). The urea pool size was the highest on a high protein diet and decreased with 
decreasing protein intake (Thacker et al., 1982). In contrast, a reduction in protein intake leads 
to a significant reduction in urea synthesis and excretion, and results in a greater proportion of 
the urea flow being degraded in the gut and its N made available for protein synthesis (Thacker 
et al., 1982). 
The quality of dietary protein, which is a balance of amino acids within the protein, is 
inversely correlated with the PUN level in growing rats (Eggum, 1970) and pigs (Brown and 
Cline, 1974). The relationship was also evaluated in human subjects by Taylor et al. (1974) 
and Bodwell et al. (1978, 1979). The PUN concentration usually increases when the intake of 
amino acids is unbalanced, as seen with a protein of poor quality (Harper et al., 1970). On the 
other hand, adding the first-limiting amino acid to a low protein diet resulted in a reduced PUN 
level in growing pigs (Braude et ai., 1974; Fuller et al., 1979; Grosbach et al., 1985; 
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Malmlof and Askbrant, 1988). In humans, urea synthesis has been stimulated with a mixture 
of amino acids and related to the blood a-amino nitrogen concentration (Vilstrup, 1980). The 
deficiency of arginine, a precursor of urea and an essential amino acid for carnivores, de­
creased ureogenesis in experimental animals, such as dog (Ha et al., 1978; Burns et al., 
1981), cat (Morris and Rogers, 1978a, b), rat (Schimke, 1963; Milner and Visek, 1974), and 
pig (Southern and B:tker, 1983). 
The nature of dietary protein may be of equal or even greater importance than the amount of 
protein consumed (Makdani et al., 1988). For example, Simoes Nunes et al. (1989) found that 
the hepatic urea production in pigs was very high for a casein diet and very low for a rapeseed 
diet. Bodwell et al. (1978) observed that adult men consumed 13 protein sources had signif­
icant differences in the postprandial PUN levels. Bolourchi et al. (1968a, b) studied normal 
college men fed a diet providing wheat flour as a source of protein and found that their PUN 
level during the experimental period was significantly lower than that in the control period 
when they were fed with both animal and plant protein. The men consuming an omnivorous 
diet with the protein principally from meat had a higher PUN than those consuming a wheat 
diet when the total protein levels in both diets were the same (Makdani et al., 1988). Ellis and 
Montegriffo (1970) also observed lower PUN level among vegetarians than in a control group 
of omnivores. Ahmad and Mickelsen (1976) reported that PUN in rats fed a wheat diet was 
significantly lower than those in the animals fed a casein diet. 
Energy 
There is less information on the effect of dietary energy on PUN. But, the data show that 
high energy intake generally results in a low PUN level because of an improvement in effi­
ciency of N utilization. Chen et al. (1974) demonstrated a highly significant inverse correlation 
between the calorie to nitrogen ratio and PUN levels in three children. In pigs, during the 
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lactation period from 7 to 28 days, serum urea nitrogen concentration of sows increased in 
response to the high protein level, but the PUN levels at high energy intake were lower than at 
low energy intake (Brendemuhl et ai., 1987). Beef heifers fed high energy had lower PUN 
than those fed low energy (McShane et al., 1989). 
Carbohydrate 
The nitrogen-sparing effect of infused glucose is well documented in fasting humans 
(Hinton et ai., 1971; Aoki et al., 1975) and animals (O'Connell et ai., 1974; Moldawer et al.. 
1980). This improvement in nitrogen balance is due to a reduction in urea production (Hinton 
et al., 1971; O'Connell et al., 1974; Aoki et al., 1975; Wolfe et al., 1979; Moldawer et ai., 
1980; Shaw et al, 1985). The protein-sparing effect is dependent on both amounts of starch 
given and the protein supplied (Fuller and Crofts, 1977a). Jahoor and Wolfe (1987) found that 
infused glucose or its hormonal response suppresses urea production by blunting the normal 
hepatic ureagenic response to a fixed nitrogen load. This suppressive effect is not mediated via 
a reduction in ureagenic precursor supply. 
Infusion of glucose decreased both the blood amino acid concentration and the rate of urea 
synthesis (Vilstrup, 1984; Jahoor and Wolfe, 1987). Decreases in hepatic nitrogen clearance 
indicates that glucose administration regulates urea synthesis independently of substrate in 
vivo. In rats, the capacity of urea synthesis decreases to 60% in proportion to blood glucose 
concentrations up to 10 mmoi/L (Hansen et al., 1986). Glucose, however, also increases 
insulin and decreases glucagon, and both changes may regulate urea synthesis (Vilstrup. 
1989). 
The supplementation of complex polysaccharides resulted in a reduction in circulating 
insulin following meals so as to reduce protein synthesis. There was a significant increase in 
PUN levels of growing pigs fed with wheat straw-supplemented diets (Malmlof, 1987) and 
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with a guar gum-supplemented diet (Malmlof et al., 1989). However, the diets containing 
fermentable carbohydrates, such as lactolose or amylomaize starch, alter the flux of blood urea 
to the cecum and cecal absorption of ammonia in the rat (Remesy and Demigne, 1989). There 
was thus an inverse correlation between carbohydrate availability and the proportion of urea 
nitrogen recovery in the blood as ammonia. An experiment in rats with high carbohydrate diet 
showed that alanine is quantitatively the most important precursor for urea synthesis (Remecy 
et al, 1978). 
Vitamins 
Vitamins are actively involved in protein metabolism so that they should have an effect on 
PUN. Unfortunately, only one example is available. Children with vitamin A deficiency had 
significantly reduced plasma a-amino N and urea N levels compared with the controls (John 
and Sivakumar, 1988). After rehabilitation of these children with the vitamin for 10 days on an 
out-patient basis, they showed a significant improvement in the two nitrogen levels. The 
decreased urea levels were thought by the authors to be because of lowered availability of 
plasma amino-N, the main source of urea synthesis within the liver. 
Minerals 
The reported effects of minerals on PUN levels is limited to dietary electrolytes such as 
sodium and chloride. Honeyfield et al. (1985) reported that PUN was higher in pigs fed .03% 
Na compared with those fed .09 or .18% Na and decreased linearly as dietary levels of chloride 
increased. Sodium bicarbonate was reported to decrease PUN in patients with various kidney 
disturbances (Blom van Assendelft and Dorhout Mees, 1970) and in men who consumed high 
quantities of plant protein (Makdani et al., 1988), but had no significant effect on the rate of 
urea synthesis in rats (Oliver and Bourke, 1975). The reduced PUN after ingesting sodium 
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compounds was attributed to the high urea clearance caused by an increasing flow of urine. A 
decreased production of urea was postulated as a further explanation of the reduced PUN 
(Makdani et al., 1988). Colombo et ai. (1988) observed that the acute application of sodium 
benzoate, which is widely used to treat hyperammonemia in inborn errors of the urea cycle, did 
not inhibit the mitochondrial urea cycle enzymes, thus pointing to other inhibitor}' mechanisms. 
Other Varisbses 
Hormones 
Growth hormone administration results in an obvious reduction in PUN. Dahms et al. 
(1989) studied the nitrogen balance in growth-hormone-deficient children before and after 
growth hormone administration. They concluded that in GH-deficient children given hGH, the 
increase in nitrogen retention is accompanied by a decrease in PUN because of low urea 
synthesis. The decrease in urea synthesis was reflected in a corresponding decrease in urine 
urea nitrogen excretion. Somatotropin administration was also reported to decrease PUN in 
ruminants (Eisemann et ai., 1986; Lough et al., 1988; McShane et al., 1989) and in pigs 
(Chung et al., 1985). 
Hormonal regulation of net protein synthesis in growing animals involves the interaction of 
many hormones. Their regulation on ureogenesis is to modify enzyme activities in the urea 
cycle. These enzymes play a role in close connection with the ontogenesis of urea cycle 
enzymes in mammalian liver (Raiha, 1976). For instance, an elicitation of growth hormone 
results in the decreased levels of the urea cycle enzymes in mammalian liver (McLean and 
Gurney, 1963). Beside the five 'classic' urea cycle enzymes, NAG synthetase can be 
regulated by hormonal influences, particularly by glucagon and the glucagon-insulin ratio 
(Hensgens et al., 1980; Cathelineau et al., 1981). 
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Hormones are likely involved with mediating changes in the production of urea cycle 
enzymes in response to alteration of waste nitrogen load in mammals. Thyroid hormone, 
involved in fetal induction of urea cycle enzymes, seems to exert no regulatory effects on urea 
synthesis in adult rats (Christowitz et ai., 1981). Evidence suggests, however, that glucagon 
(Snodgrass et ai., 1978) and glucocorticoids (Christowitz et al., 1981), which both affect the 
pathway in fetuses (Husson and Vaillant, 1979), may have regulatory effects on urea synthesis 
in adults, but slower than in fetal rats. 
Hormones also can improve the nitrogen-sparing effect of infused glucose. Hinton et al. 
(1971) reported that insulin and glucose reduce catabolic response to injuiy in burned patients. 
Glucose and insulin have an effect on de novo amino acid synthesis in young men (Robert et 
al., 1982). Fuller and Crofts (1977b) found that additions of carbohydrate to a diet result in an 
increased retention of nitrogen in growing pigs. A major component of the protein-sparing 
effect achieved by a surfeit feeding of carbohydrate is mediated by insulin. In response to car­
bohydrate absorption, plasma insulin increased and PUN concentration was reduced by 40%. 
Insulin is probably a dominant determinant for urea synthesis. Its effects on synthesis is 
mediated by diverting substrate away from hepatic conversion, and within the liver cells away 
from catabolism and towards such purposes as transamination to other amino acids or protein 
synthesis (Vilstrup, 1989). Tracer studies indicate that the reduction by insulin in nitrogen 
release of perfused rat livers is due to inhibition of hepatic protein degradation (Mondon and 
Monimore, 1967). During euglycaemic glucose clamp and control of endogenous hormonal 
responses by means of somatostatin, simultaneous infusion of insulin decreased the capacity of 
urea N synthesis to two-thirds in rats (Hansen et al., 1986). 
Glucagon is known for its long-term effects on urea cycle via increasing enzyme synthesis 
(McLean and Novello, 1965; Snodgrass et al., 1978). It also exerts a short-term control on 
the urea cycle flux. Thus, a high flux rate of citrulline, an important intermediate in urea cycle. 
was found in the liver mitochondria isolated from rats that received an injection with glucagon a 
few minutes before sacrifice (Yamazaki and Graetz, 1977; Bryla et al., 1977) or isolated from 
hepatocytes incubated with glucagon (Triebwasser and Freedland, 1977). A single injection of 
glucagon increased the levels of all five urea cycle enzymes in 28-d-oid rats, but had no signif­
icant effect in 35-d-oid animals (Brebnor et ai., 1981). The capacity of urea N synthesis 
doubled in the course of a fortnight of daily glucagon injections in rats (Petersen et al., 1987). 
It is also suggested that glucagon in vivo regulates urea synthesis by both a rapidly fluctuating 
mechanism and a time dependent effect (Vilstrup, 1989). 
Catecholamines, like glucagon, also increase urea production and citrulline synthesis in 
hepatocytes. Their effects correlate with an increased mitochondrial capacity to generate ATP 
(Titheradge and Haynes, 1980). Glucocorticoids have a permissive effect on glucagon in 
induction of the urea cycle as is suggested by experiments in cell cultures (Lin and Snodgrass, 
1979). In vitro, glucocorticoids induce the activities of urea cycle enzymes by increasing the 
amount of mRNA available for synthesis of the enzymes (Morris et al., 1986). In vivo, daily 
administration of glucocorticoids increases the capacity of urea synthesis by 50% after 2 days 
and leads to a marked loss of body weight in rats (Sigsgaard et al., 1988). 
Recycling nitrogen 
There is growing evidence that nonruminant animals may be able to utilize recycled urea for 
protein synthesis. Endogenous urea enters the gastrointestinal tract and is degraded by bacte­
rial urease to form ammonia and carbon dioxide. The ammonia enters the portal vein and is 
transported to the liver where it is available for synthesis of urea and amino acids (Richards, 
1972). The amount of urea nitrogen degraded in the gut and used for protein synthesis has 
been reported for man (Gibson et al., 1976), horse (Prie et al., 1974), rabbit (Regoeczi et al., 
1965) and chicken (Emmanuel and Howard, 1978). Demigne and Remesy (1979) studied the 
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transfer of blood urea into the digestive tract where ammonia absorption occurs. They found 
that the vein-artery differences in urea and ammonia absorption were greater in the caecum than 
in the ileum of rats. 
Crimson et al. (1971), Deguchi et al. (1978, 1980) and Niiyama et al. (1978, 1979) 
examined urea utilization by using -^N urea in pigs and demonstrated that at first urea was 
broken down to ammonia by intestinal flora, and then amino acids were synthesized by the 
microorganisms from this ammonia. These amino acids enter the portal vein and are used for 
body protein synthesis. Ammonia is also absorbed immediately from the intestines and 
incorporated into nonessential amino acids in the liver for the synthesis of body protein. 
Thacker et at. (1982) reported that a significantly higher percentage of urea was recycled in 
pigs fed low protein diets compared with those fed higher protein diets. 
Urea excretion 
High excretion of urea was thought to result from an increase in the activity of all the 
enzymes involved in the urea cycle (Aebi, 1976). This response is associated with amino acid 
deficiency, i.e. reduced protein quality (Jansen, 1981). For instance, elevated excretion has 
been observed in a variety of species of animals fed an arginine-free or arginine-deficient diet 
(Milner and Visek, 1974,1975; Mil.ner et al., 1975; Ha et ai., 1978; Czamecki and Baker, 
1984). An increase in plasma urea can be attributed to either prolonged starvation or increased 
dietary protein intake in rats (Schimke, 1963). The association with high protein diets indicates 
a significant role of the urea cycle in detoxifying ammmonia during gluconeogenesis 
(Campbell, 1973) and with hyperinsulinemia (Tappy et al, 1988). Increased urea excretion is 
also caused by glucagon in healthy humans (Wolfe et ai., 1979) and by the infusion of a 
hormone mixture containing Cortisol (Bessey et al., 1984). 
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A decline in urea excretion is due to one of following: the onset of fasting or ingestion of a 
protein-free diet (Adibi, 1971; Scrimshaw et al., 1972; Felipo et al., 1991), reduction in 
protein intake (Thacker et al., 1982), induction of insulin (Woolfson et ai., 1979) and bovine 
or human growth hormones (Eisemann et al., 1986; Dahms et al., 1989), increase in the di­
etary levels of chloride for pigs (Honeyfield et ai., 1985), addition of limiting amino acids in 
pigs such as lysine and tryptophan by Brown and Cline (1974), threonine and isoleucine by 
Grosbach et al. (1985), and lysine addition in young men (Scrimshaw et ai., 1973). .Also, urea 
excretion declines during fermentation of a large amount of carbohydrates in the large intestine, 
which enhances the fecal excretion of bacterial N and this could be of value to minimize urea 
excretion by the kidney when renal function is impaired (Remesy and Demigne, 1989). 
Feeding regime 
Feeding regimes have certain effects on PUN levels. The levels increased for the first 3 to 
4 h after feeding (Eggum, 1970; Malmlof and Askbrant, 1988). A circadian rhythmicity of 
urea in the liver and serum showed the highest value at 0200 and the lowest at 1400 h in rats 
fed ad libitum (Kato et al., 1978). Kato and S ai to (1980) examined rats fed at a restricted time 
of day and concluded that the rhythmic rise or fall in the blood urea level are direct conse­
quences of feeding and fasting, respectively. Baghdassarian et ai. (1990) observed that fluctu­
ation of urea concentration in venous blood has a statistically significant circadian character 
with acrophases occurring in the early morning hours in healthy humans. 
Water intake 
Water intake restriction has been reported to improve nitrogen retention and increase the 
apparent digestibility of nutrients (Johnson et al., 1966). The PUN concentration in bovine 
was increased significantly by water restriction (Utiey et ai., 1970). This is because the elimi-
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nation of urea as an end-product by adult animals requires considerable amounts of water 
(Campbell, 1973). 
Perspective 
Since Eggum (1970) revealed the inverse correlation between PUN level and the dietor}-
protein quality, the relationship has been used in protein nutrition and metabolism studies to 
determine the amino acids requirement in animals (Lewis, 1992). Indeed, practical data show 
that the PUN response is much more sensitive than any other response performance criteria, 
such as ADG, ADFI and G/F. Although the FUN response does give useful information, 
caution should be made in its use for predicting the rate of lean accretion of animals. The PUN 
concentration, in general, correlates with the protein synthesis status in the body, but consid­
erable variation is apparent as shown previously. When carried out under carefully controlled 
conditions, the determination of PUN levels can provide useful confirmatory but not definitive 
data. Therefore, the following aspects should be considered in the future in order to use the 
method more precisely and accurately in pigs. 
Plasma free amino acids 
The role of ureagenesis in relation to the plasma free amino acid pool deserves investi­
gating. Many studies have shown that the rate of urea synthesis is linearly dependent on the 
content of plasma a-amino N, a rough measument of total amino acids. Even though it is only 
about 2 to 5% of the total amount of amino-N in the body, the fi-ee amino acid pool has a rapid 
turnover, in which the tissues release amino acids into this pool by protein break down and 
take up amino acids from the same pool by protein synthesis. There is increasing evidence that 
availability of amino acids from the blood pool is of primary importance for whole body 
protein balance via changes in protein synthesis. It is thus highly probable that changes in the 
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pool have important biological effects on the PUN concentration or reflect at least an associ­
ation with it. 
Genotype and gender 
Limited data are available for the effects of genotype or sex on PUN in pigs. It is well 
known that different genotypes of pigs have different potentials for the rate of lean gain. The 
sex difference in pigs is also evident from their growth performance. For example, barrows 
have faster weight gain and greater feed intake but poorer utilization of dietary nitrogen than 
gilts. Theoretically, a high PUN level generally indicates a low rate of muscle growth if all 
other factors affecting PUN are held constant. Mersmann et al. (1984) found that obese pigs 
had a lower protein requirement and showed higher PUN concentration than lean pigs when 
both groups were fed isonitrogenous diets. This response is because more of the dietary amino 
acids are deaminated and oxidized as carbon skeletons in obese pigs. If PUN concentrations 
are sensitive indicators of lean accretion in pigs, then leaner pigs or gilts will have lower 
concentrations of PUN compared with fatter pigs or barrows when they are under identical 
conditions. 
Energy intake 
The energetic role related to urea metabolism is also seemingly ignored in pigs. Urea 
biosynthesis is an energy-requiring biochemical process in which one mole of urea synthesis 
theoretically requires four equivalents of ATP (Mehler, 1986). No recent literature, however, 
was found that investigated how energy levels affect urea metabolism in the animals. In 
particular, little is known about how energy density of diets influences urea metabolism. 
Glucose by infusion has been used to test the N-sparing effect. There are two papers dealing 
with the effect of polysaccharide supplementation on urea metabolism in pigs. 
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Energy intake may be a limiting factor for lean growth, especially in animals that deposit 
lean rapidly. In general, restricting energy and nutrient intake results in a decrease in weight 
gain, but an improvement of carcass quality. There is a poor understanding of the effects of 
these conditions on PUN concentrations. 
Dietary acid-base baiance 
The impact of dietary acid-base balance on animal production has recently been recog­
nized. In particular, many studies demonstrated that the acid-base balance can affect growth 
and appetite in swine, the structural soundness and the response to thermal stress in poultry, 
the incidence of milk fever in dairy cattle, as well as the metabolism of certain nutrients such as 
amino acids in rats and minerals in humans. The acid-base balance is not only intimately 
related to metabolism of amino acids but also sensitively influenced by nutritional factors such 
as utilization of synthetic amino acids in diets. It is well known that corn-soybean diets usually 
contain some excess of cations relative to anions. As noted from the previous discussion, 
PUN concentrations were subjected to effects of dietary Na, K, or CI addition. However, 
such studies seemingly ignored a role of the cation to anion ratio. To use PUN as an indicator 
of metabolism status of amino acids in the body, we must thus have a good understanding of 
effects of dietary acid-base balance on the variation of PUN concentrations. 
Management factors 
As discussed previously, many nutritional factors influence the PUN concentration. 
However, there is limited literature concerned with the effects of environmental factors. 
Studies have demonstrated that nutrition is one of the environmental factors exerting a 
profound influence on urea metabolism and its regulation. The coordinated alteration of urea 
cycle enzymes is a good example of how adaptation to a different situation is accomplished. 
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Therefore, much work is needed to determine (1) how the PUN concentration varies with 
common management factors such as environment temperature, feeding regimes and blood-
sampling time and methods: (2) how different ages of pigs have certain adaptive features of the 
urea cycle under a given condition; and (3) how pigs are able to regulate rates of urea 
production in response to various environmental conditions. 
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ABSTRACT 
A repeated measures experiment was conducted to test the hypothesis that concentrations of 
plasma urea nitrogen (PUN) and 32 free amino acids (PFAA), i.e., 10 essential (EAA), 9 non­
essential (NEAA) and 13 less common amino acids (LCAA), in pigs with two feeding methods 
are independent of sampling times after feeding. Seven castrated male pigs (mean of 65 kg) 
with surgically implanted catheters in the jugular vein were randomly assigned to either free 
access to feed or feeding of two equal-sized meals for 3 c. This study covered three 3-d treat­
ment periods. Blood samples were taken six times in 2-h intervals during the day (0800 to 
1800) and again during the night (2000 to 0600). Average concentrations of PUN and most 
PFAA were not affected by the feeding method and day or night, but there were overall 
changes in concentrations over six sampling points. The dependence of changing patterns in 
PUN or PFAA over the sampling points on the feeding method is indicated by the significant 
interaction of sampling point and feeding method. Sampling points had a linear effect on all 
EAA, 5 NEAA and 4 LCAA; a quadratic effect on PUN, arginine, phenylalanine, asparagine, 
glycine, tyrosine, (3-alanine, ornithine and taurine; and a cubic effect on PUN, 8 EAA, 4 
NEA.A and 4 LCAA. No interactions of day or night with the feeding method or the sampling 
points indicate that concentrations of PUN and PFAA between the day and night periods were 
independent of feeding methods or sampling times. In conclusion, the pigs fed twice daily had 
postprandial peak average concentrations of 4.92 mmoI/L PUN at 5 h and peak PFAA at 2 h 
after feeding during a 12-h day or night period. However, the pigs with free access to feed 
exhibited a 4% rhythmic fluctuation of PUN during the day or night and almost constant levels 
of most PFAA during a 24-h period. The results also suggest that concentrations of LCAA 
vary less than concentrations of EAA or NEAA in response to the experimental factors. 
INDEXING KEY WORDS: 
• diumal variation • plasma urea nitrogen • free amino acids • pigs 
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INTRODUCTION 
Blood urea levels are highly and inversely correlated with the net protein utilization of a diet 
(Eggum 1970). They have been successfully used as a predictive indicator of amino acid status 
in humans (Tylor et ai. 1974) and pigs (Brown and Cline 1974). Plasma free amino acid 
(PFAA)"' levels have been useful in yielding information on interorgan amino acid metabolism 
to assess whole protein turnover, in providing a useful independent method for assessing 
amino acid requirements and in evaluation of dietan/ protein quality (Abumrad and Miller 
1983). Both plasma urea nitrogen (PUN) and PFAA responses can be effectively used to 
determine amino acid requirements of animals (Lewis 1992). 
One question that has sometimes been ignored by researchers is the timing of blood 
collection to guarantee samples that are representative of the metabolite of interest. Because 
there has been increasing use of pigs in biomedical research in recent years, a better under­
standing is needed of the effect of potential variables on PUN and PFAA in the pig. Some 
publications related to pigs demonstrated changes in PUN after feeding (Malmlof et al. 1990) 
and in amino acids during a fast (Tumbleson and Schmidt 1986). Data on PFAA generally 
indicate responses to dietary amino acids ingestion. In addition, a circadian rhythmicity of 
blood amino acids was found in adult men (Feigin et al. 1967). This rhythm persisted even 
when subjects were maintained for 2 wk on a very low protein diet (Wurtman et al. 1967). 
Whether such a rhythm exists for PUN or PFAA in pigs is unknown. Moreover, until now, 
no studies have examined the effect of various feeding methods on a diurnal change in the 
blood parameters. Such a study would be of interest because systematic daily rhythms may 
"^Abbreviations used: EAA, essential amino acids; NEAA, nonessential amino acids; LCAA, less 
common amino acids; PFAA, plasma free amino acids; PUN, plasma urea nitrogen. 
exist in concentrations of PUN and PFAA under constant nutrition conditions, particularly in 
animals that are meal-fed. 
The objective of this study was to test the hypothesis that concentrations of PUN and 
PFAA in pigs given free access to feed or fed twice daily are independent of the sampling times 
after feeding. We used a repeated-measures analysis of data to determine whether (1) there are 
overall changes in PUN and PFAA with sampling points, (2) the changes in PUN and PFAA 
over sampling points are different depending on feeding methods, (3) there is a difference in 
PUN and PFAA level during the day and night, and (4) the changes due to the day or night are 
the same for different feeding methods and/or sampling points at which PUN and PFAA 
measurements were taken. 
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MATERIALS AND METHODS 
Animals and Diet 
Eight castrated male pigs (Yorkshire x Landrace), weighing 64.9 ± 3.2 kg (mean ± SD), 
were used after the protocol was reviewed and approved by the Laboratory Animal Resources 
Committee at the university. The pigs were allowed free access to water and feed, and they 
were individually housed in metabolism cages for a l-wk adaptation period. Diets (Table 1.1) 
were formulated to be adequate in all essential nutrients for finishing pigs (NRC 1988). 
During the experimental period, the pigs were given free access to water and feed or meal-fed 
twice a day. In the meal-feeding treatment, the daily allotment of feed was 90% of the feed 
consumption of the pigs during the adaptation period. It was given in two equal amounts at 
0800 and 2000 h. The pigs consumed all their diet in less than 1 h. 
TABLE 1.1 Composition of the experimental diet (as-fed basisf 
Ingredient g/kg 
Ground yellow com, 8% crude protein 812.0 
Soybean meal, 47% crude protein 160.0 
Dicalcium phosphate 8.1 
Calcium carbonate 9.4 
Vitamin premix^ 5.0 
Trace mineral premix"^ 0.5 
Iodized salt 5.0 
^The calculated analysis per kilogram of diet was 13.9 MJ of metabolizable energy, 144 g of crude protein, 
7.0 g of lysine, 6.0 g of calcium and 4.8 g of phosphorous. 
^Conu-ibuted per kilogram of diet; 11,000 lU of vitamin A, 2,750 lU of vitamin Dg, 16 mg of 
riboflavin, 44 mg of d-paniothcnic acid, 82 mg of niacin, and 55 jig of vitamin Bi2-
'^Conuibuted in mg per kilogram of diet; zinc, 75.0; iron, 87.5 ; manganese, 30.0; copper, 8.8; and iodine, 
1.0. 
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Temperature in the room housing the pigs was maintained at 23°C. The floor of the room 
and the cages holding the pigs were washed with warm water ever}' morning. Lights were on 
continuously. 
Catheterization and Care 
Seven of these pigs were surgically prepared with catheters in the jugular vein (Christison 
and Curtin 1969). Each pig was fasted for 12 h before surgery. On the day of surgery, the 
animals were anesthetized by i.m. injection of 0.05 mg/kg body weight of Atropine Injectable 
L.A. (Fort Dodge Lab Inc., Fort Dodge, lA). After 10 min, they received an i.m. injection of 
10 mg/kg of Ketaset® (Fort Dodge Lab). The anesthesia was maintained with Halothane USP 
(Halocarbon Lab, North Augusta, SC) and oxygen that were delivered by nose cone. Tygon® 
Microbore Tubing (Norton Performance Plastics, Akron, OH) of 1.27 x 2.28 x 0.5 mm was 
used as catheters. 
Catheters were flushed every 2 d with heparinized saline made with 100 units of heparin 
(Sodium Injection USP, Elkins-Sinn Inc., Cherry Hill, NJ) per ml of 0.9% Sodium Injection 
USP (Baxter Healthcare Inc., Deerfield, IL). After flushing and sampling, the catheters were 
filled with a solution containing 2,000 units of Combiotic® (Pfizer Inc., New York) per ml of 
the heparinized saline to prevent catheter-related infections. 
Blood Samples 
Blood samples were collected in heparinized tubes immediately before the first feeding 
(0800) on d 3 of each treatment period. Blood samples were taken at 2-h intervals for 24 h. 
Blood was centrifuged, and the plasma was frozen in two aliquots. One aliquot was analyzed 
for PUN by the automated method of Marsh et al. (1965). The other was analyzed for PFAA 
(excluding proline) in which plasma samples from the first and third treatment periods within 
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the same pig were pooled by the same feeding method. Plasma protein was precipitated with 
SeraPrep® (Pickering Laboratories, Inc., Mountain View, CA). Amino acids were separated 
by ion-exchange chromatography and detected by fluorometry after postcolumn reaction with 
o-phthalaldehyde by using a Shimadzu LC-6A KPLC Model Series (Tokyo, Japan). 
Experimental Design 
We used a switchback, repeated measures experiment in which two feeding methods were 
a between-pigs factor. After a 1-wk postsurgery recovery period, the pigs (three or four) were 
randomly assigned to receive one of the two feeding methods for 3 d, changed to the other 
feeding method for an additional 3 G and then returned the original feeding method for another 
3 d. This study covered three 3-d feeding treatment periods. 
Concentrations of PUN and PFAA in blood plasma samples from the pigs given free 
access to feed or fed twice daily were tested at six sampling points with 2-h inter\'als during the 
day (0800 to 1800 h) and again during the night (2000 to 0600 h), forming a 6 x 2 pattern of 
two within-pigs factors: sampling points and day or night. Thus, there were 12 measurements 
for each pig on the sampling day. Sampling points were nested in the day-night time. 
Data Analysis 
Because the catheter of one pig was not functional during the third period and one pig did 
not consume the given amount of diet in 1 h during the nighttime of the second period, the 
experiment included 235 observations for PUN instead of the expected 252 observations. 
There were 84 pooled plasma samples for PFAA analysis. 
All data without any transformation were analyzed by the REPEATED statement in GLM 
procedures (SAS, 1988), in which the two repeated-measures factors were assigned as 
sampling points by polynomial at six equal space levels and the day-night time at two levels. 
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The present paper excluded individual linear, quadratic and cubic effects and their interactions 
with the feeding method and/or the day-night time, as well as the unexplainable quartic and 
quintic effects within the six sampling points. 
The option of PRINTE was used to test the sphericity of the orthogonal components for the 
unequal correlations among pairs of the repeated measurements (Littell et al. 1991). Because 
the hypothesis of the sphericity was first tested to be false, two remedial steps were taken to 
choose appropriate probabilities for all within-pigs effects. The conservative P-value between 
the multivariate tests and the univariate tests adjusted by the Greenhouse-Geisser Epsilon was 
used to declare a significant effect. 
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RESULTS 
Plasma Urea Nitrogen 
Average levels of PUN did not differ between feeding methods (P > 0.10). PUN 
concentrations responded quadraticaUy (P < 0.001) and cubically (P < 0.01), but not linearly 
(P > 0.10) to sampling points regardless of feeding methods (Figure 1.1). Average PUN 
concentrations were similar during the day and the night (P > 0.10). 
8 10 12 14 16 18 20 22 24 2 4 6 
Free access to feed 
4  - •  
Feed twice daily 
—o 
Day (0800-1800) Nigh! (2000-0600) 
0 2 8 1 0  0 4 6 2 4 6 1 0  8 
Sampling Hours 
FIGURE 1.1 The concentration of plasma urea nitrogen (PUN) in relation to sampling 
hours or the diurnal time (top scale) in pigs given free access to feed or fed twice daily. 
Arrows indicate the feeding times. 
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The PUN concentrations varied in association with an interaction of sampling points and 
feeding method (P < 0.001) or the day-night time (P < 0.05). However, there were no inter­
actions (P > 0.10) found between the feeding method and day or night. 
Functions of PUN concentration (Y) on six sampling points (X) in the pigs, neglecting the 
insignificant effect of the day-night time, are expressed as two quadratic prediction equations 
{R- = 0.95) for feeding methods: 
free-access feeding, Y = 4.738 -r 0.083 X - 0.009 X-
meal feeding, Y = 4.298 + 0.239 X - 0.023 
From these equations, the PUN in the meal-fed pigs peaked at 4.92 mmoI/L, 5.2 h after 
feeding and peaked at 4.93 mmoI/L at 1300 and 0100 h in the pigs with free access to feed. 
Plasma Free Essential Amino Acids 
Table 1.2 shows individual EAA concentrations for different responses. Compared with 
free-access feeding, meal feeding resulted in lower phenylalanine concentration (P < 0.05) and 
a tendency for lower isoleucine and leucine, and higher tryptophan (P < 0.09). However, 
there were similar average levels of other amino acids and total EAA (Figure 1.2) for the two 
feeding methods (P > 0.10). 
Sampling points had linear effects on the total and all individual EAA (P < 0.05) except 
methionine (P < 0.07), quadratic effects on arginine and phenylalanine (P < 0.01) and threo­
nine (P < 0.06), and cubic effects on arginine, isoleucine, lysine, phenylalanine, threonine, 
tryptophan and valine (P < 0.01), leucine (P < 0.05) and methionine (P < 0.07), but not on 
histidine (P > 0.10). 
Concentrations of all EAA were similar during the day and night (P > 0.10) except 
histidine, which averaged 53 mmol/L during the day and 50 m.moI/'L during the night (P < 
0.05). Table 1.2 also lists interaction effects of experimental factors on some of the EAA. 
TAULE 1.2 Concentrations of plasina free essential amino acids in pigs fed by two different methods'* 
Amino 
Sampling h in pigs with free access to food Fast h in pigs led twice daily 
acid I 'cr iod' '  0  2  4  6  8  10  0  2  4  6  8  10  SFM 
HmollL 
Arg Day 95  91 95  100 90  87 104 131 106 94  86 86  3 .0  
Night  104 112 91  89 85 84  88 140 107 99  86 84 
I l l s  Day 54  57  60  57 58  53  48  53 51 50  47 45  1.4  
Night  57  54 49  50 49 54 49  52 46 46 45 47  
l ie  Day 56 53 58  56  52  52  54 63 52  46  43 41 1 .0  
Night  61  63 58  54  52  56 45 70  53  45 41 41 
I  Al l  Day 118 109 128 118 112 111 112 128 112 103 97  91 2 .1  
Night  128 128 118 110 110 121 97  140 110 102 94  94  
Lys  Day 71 71 80  75 74  73  76  96 73 63 60  60  3 .6  
Night  87  79  67  62 58 62  70  109 75  62  56  56  
Mel  Day 18  16  21 22  21 20  16 17 15  14  14  13  0 .4  
Night  17  17 16  15 15 16  14 21 20  15 15 16  
l>l \c  Day 41  43 48  46 43  43  40  50 44  40  36 33 0 .4  
Nigi i t  51  50 48 44  42 41 35  57  46  40  36 34  
Thr Day 72 69 71 75  74  71 76  92  76 73 65 62  2.2 
Night  80  86 78  77 73  77 60  100 84  75 67 64  
Trp Day 22  21 23  23  22  23  27 30  26 24 23  23  1 .4  
Night  25 25 23 21 21  17 25  33  27 25  23  22  
Val  Day 111 108 114 117 111 111 108 122 106 97  92  88  3 .0  
Night  126 130 119 115 109 117 94  133 109 96  87  
Significant effect of 
main factors^ 
S** ( l ,* \  C**) .  
SF+,  ST* 
S* ( ! , • ) ,  T+,  ST,  TF'  
F-, S** (!,•*, C+*), 
SF,  ST 
F.  S** ( l / \  C») ,  
SF*,  ST 
a** (I/*, c**), SF* 
•S  (I. ,  C) 
s** (L**. C**), 
F*, SF** 
S + *  ( ! , • ,  Q,  C**). 
•SF*.  ST* 
F,  S*+ (!,*•, C*+), 
SF** 
S** (L**, C**), 
SF+, S T* 
''Values are means of three pigs given free access to feed or four pigs fed twice daily. 
''Day |x;ri(Kl is from ()H(X) to 1800, and night period from 2(XK) to 06(K) h, respectively. 
stands for feeding method, S for sampling points and T for time of day. Their interactions arc e.xpressed as SI-, ST or TI-. The L, Q or C in 
parentheses means a linear, ([uadratic or cubic effect within sampling hours, res|K'ctively. No superscript slar syinholi/es an el lect at P < 0 10 * 
indicates I' < 0.05 and ** 1' < 0.01. 
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FIGURE 1.2 Influence of sampling hours on total plasma free essential (EAA), 
nonessential (NEAA), branched-chain (BCAA) and aromatic amino acids (ArAA) in pigs given 
free access to feed (broken lines) or fed twice daily (solid lines) averaged over day vs. night. 
AITOWS indicate the feeding times. 
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Total branched-chain amino acids (leucine, isoleucine and valine) tended to be affected (P < 
0.09) by feeding methods (Figure 1.2). There were different concentrations for sampling 
points (P < 0.05) with linear (P < 0.01) and cubic (P < 0.05) responses. Total aromatic amino 
acids (phenylalanine, tyrosine and trj-ptophan) were nor affected (P > 0.10) by the feeding 
method (Figure 1.2), but sampling points showed linear, quadratic and cubic effects on their 
concentrations (P < 0.05). 
Plasma Free Nonessential Amino Acids 
Concentrations of NEAA with experimental factors are given in Table 1.3. Compared with 
free-access feeding, meal feeding resulted in lower glutamic acid concentration (P < 0.05) and 
a tendency for lower alanine concentration (P < 0.06), but other NEAA and total NEAA 
(Figure 1.2) were not influenced by feeding methods (P > 0.10). 
The concentration of plasma total NEAA was influenced very little by sampling points (P > 
0.10), whereas the concentration of some individual NEAA responded to sampling points. 
Sampling points linearly affected aspartic acid, asparagine, glutamic acid, serine and tyrosine 
(P < 0.05); quadratically affected asparagine and glycine (P < 0.05) and glutamic acid (P < 
0.07); and cubically affected alanine, asparagine, serine and tyrosine (P < 0.05) and glycine (P 
< 0.06). There were no sampling effects on cystine and glutamine (P > 0.10). 
Two amino acids differed between day and night. The concentration of serine was 76 
mmol/L during the day, which was higher (P < 0.05) than the 70 mmoI/L during the night 
regardless of feeding method. In contrast, tyrosine concentration was 49 mmol/L during the 
day, which tended to be lower (P < 0.07) than the 53 mmol/L during the night. Concentrations 
of all other NEA.A. were similar during day and night (P > 0.10). 
The interaction effects of experimental factors on NEAA are also given in Table 1.3. 
TABLK 1.3 Concentrations of plasma free nonessential amino acids in pigs fed by two different methods' ..a 
Sampling h in pigs with free acccss to food Fast hours in pigs fed twiec daily 
Amino 
• ic id  Period' '  0  2  4  6  8  10  0  2  4  6  8  10  SI;M main factors^ 
^iinollL 
Ala Day 177 167 175 171 174 169 158 188 153 143 127 122 2.8 !•, S (€*•), SF», ST 
Night 181 180 178 181 171 205 129 204 156 150 134 125 
Asj)  Day 8  8  8  10 7  8  8  10 9 7 6  6  0 .3  S (1/*) 
Night  8  8  7  8  7  7  6  10 7  7  6  6  
Asn Day 43  39  35 41 40  41 36  63 46  35  29 26  2 .9  S" (L*,  C*) ,  
Night  46  47 39 43  35 44  23  62 46  33 26  24 SI'**, TP 
CYS Day 2  3  3  3  3  4  4  4  3  4  4  4  0 .5  TF* 
Night  4  5  4  5  5  5  3  4  3  3  3  3  
GHI Day 52  48 62 42  51 53  54 37 37  41  44 37  1 .4  f \  S** (!,••, Q), 
Night  61  65 57 46  51 56 45 50 39 38  36 41 SR*, ST+ 
Gin Day 174 178 178 174 198 184 161 177 165 173 158 156 5 .3  
Night 193 192 187 185 181 181 161 181 154 152 148 148 
Gly Day 40.5  398 403 378 421 407 408 397 387 406 408 412 2 .8  S (Q*, C), STP 
Nigln m 396 410 415 450 410 395 378 395 410 41 I 
Scr  Day 77 73  80 83 76  73  73  84 82  72  68 63  1.4  s*  (I .* ,  C*) ,  
Night  71  72  68 69  66  74 61 90  71 68  67 64  sr*, T\ ST 
Tyr Day 51 48  52 55 47  48  50  60 52  45  44 40 2 .5  S»* (I.*», Q*, C+) 
Night  5.5  57  54  52  51 49  40  68 58  53  50 48 SI "*, T 
U) 
to 
^Values arc means of three pigs given free access to feed or four pigs fed twicc daily. 
''Day |)eriod is from 0800 to 1800, and night period from 2000 to 0600 h, rcs|)cclivcly. 
^1- stands for feeding method, S for sampling points and T for time of day. Their interactions arc expressed as SI', ST or Tl '. The L, Q or C in 
parentheses means a linear, quadratic or cubic effect within sampling hours, rcs|)ectively. No superscript star symbolizes an effect at I' < 0.10, * 
indicates P < 0.05 and ** P < 0.01. 
Plasma Free Less Common Amino Acids 
Unlike EAA and NEAA, the LCAA concentrations responded much less to changes in the 
experimental factors (Table 1.4). Except for cystathione, which was lower (P < 0.05) with 
meal feeding than the free-access feeding, other amino acids had similar concentrations 
between the feeding methods (P > O.IO). 
Sampling points gave rise to a linear effect on a-amdno-n-butyric acid, S-alanine, ornithine 
and sarcosine concentrations (P < 0.05); a quadratic effect on [3-alanine, ornithine and taurine 
(P < 0.01) and cystathione (P < 0.03); and a cubic effect on oc-amdno-n-butyric acid, ornithine, 
sarcosine and taurine (P < 0.05). 
Day vs. night affected concentrations of some LCAA. Concentrations during the day were 
higher (P < 0.05) for carnosine (5.5 vs. 5.3 mmol/L), and tended to be higher (P < 0.06) for 
anserine (4.8 vs. 4.0 mmol/L) and 1-methylhistidine (3.4 vs. 2.9 mmol/L). In contrast, 
concentrations during the day were lower (P < 0.05) for [3-alanine (1.6 vs. 1.8 mmol/L). 
cystathione (2.2 vs. 2.5 mmol/L), sarcosine (48 vs. 50 mmol/L) and taurine (41 vs. 43 
mmol/L). 
Table 1.4 also shows that there were no interactions (P > 0.10) between the sampling 
points and the feeding method or day and night for all LCAA except for ornithine (P < 0.05). 
TABLE 1.4 Concentrations of plasma free less common amino acids in pigs fed by two different methods'* 
Amino 
Sampling 11 in pigs with free acecss l« food Fast hours in pigs fed iwicc daily 
main faclor .s ' '  ac id' '  I 'cr iod^ 0  2  4  6  8  10  Q 2  4  6  8  10  SEM 
/.tinollL 
aARA Day 5 .2  5 .0  5 .1  4 .8  5 .4  4 .9  4 .2  4 .8  4 .3  4 .3  4 .1  4 ,4  0 .4  S* (I ,* ,  C**)  
Night  5 .1  4 .9  4 .5  4 .8  4 .4  5 .1  4 .6  5 .9  4 .8  3 .8  3 .5  3 ,7  
Ans Day 4 .5  6.2 6 .2  3 .9  5 .3  3 .9  5 .1  4 .1  4 .0  5 .2  4 .4  4 ,7  0 .5  T 
Night  4 .2  4 .3  3 .6  4 .5  3 .6  3 .9  4 .5  4 .9  3 .3  4 .1  3 .8  3 ,8  
pAla Day 1 .2  1 .6  1 .6  1 .6  1 .5  1 .6  1 .5  1 .8  1 .6  1 .8  1 .7  1 ,8  0 .0  S*(L**,Q**) ,  T* 
Night  1 .5  1 .7  1 .7  1 .8  1 .7  1 .8  1 .7  1 .8  1 .8  2 .0  1 .8  1 ,8  
Cam Day 5 .4  6 .1  5 .9  6 .0  6 .2  5 .3  5 .2  5 .2  5 .5  5 .2  5 .2  5 ,1  0 .6  T\  TF+ 
Night  5 .4  5 .2  5 .1  5 .4  5 .2  6 .5  5 .4  5 .0  5 .1  5 .3  5 .2  5 ,1  
Cyst  Day 2 .4  2 .6  2 .7  2.2 2 .3  2 .4  2 .3  2 ,2  2 .0  2 .2  2 .0  2 ,0  0 .1  r* ,  (Q*) ,  T**,  TF** 
Night  2.6 2 .7  3 .0  2 .5  3 .4  3 .2  1 .9  2 .2  2 .1  1 .9  2 .3  1 .9  
Ini l l i s  Day 3 .0  3 .7  3 .4  4 .0  3 .8  3 .0  3 .3  3 ,2  3 .0  3 .2  3 .3  3 .3  0 .4  T 
Night  3 .3  3 .3  2 .4  3 .3  2 .5  3 .3  3 .4  3 ,3  2 .4  2 .7  2 .5  2 .8  
3n) l l i s  Day 8  9  10 10  9  8  12  12 12  11 12  12  0 .5  
Night  9  9  8  8  9  10  11 12  11 12  10  10 
Orii Day 53  59  61  60  56 54 42  54 52  43 42  37  3 .2  •S** ( [ , • • ,  Q**,  €•• ) ,  
Night  56 54  47  46  42  47 36  59 56  47 44 39  SF*.  STF 
l iHAM Day 1 .1  1 .1  1 .3  1 .3  1 .4  1 .4  1 .1  1 ,1  1 .3  1 .  1 .2  1 .4 0 .1  S( l . )  
Night  1 .2  1 .4  1 .2  1 .4  1 .1  1 .8  1 .3  1 ,2  1 .3  1 .5  1 ,5  1 .5  
pScr  Day 156 155 153 153 153 151 157 157 157 156 156 157 0 .9  
Night  151 152 152 151 151 155 154 156 157 158 158 158 
Sar Day 46  51  50 52 47 47  48 54 47  42 41 42  2 .2  S* (L**,  C*) ,  T* 
Night  54  56  54  48 47  46  48 65 54  44 41 43  
Tim Day 43  37  45  35 40  43 50 45 43  38 38  41 1 .8  S" (Q**,  C+) ,  •{•*  
Night  43  44  44  43 40  48 44 45  42 41 42  46  
The same as in Table 2 and 3, respectively. 
''Ahbrevialious of amino acid; «ABA - a-anùno-n-lMilyrie acid, Ans = anserine, (^Ala -- ^-alanine. Cam = carnosine, Cyst - cyslaihioiie, Inillis : 
l-incthylhistidiiie, 3inilis = 3-niethylhisti(line, pOAM = o-phosplioctltanolamine, pSer = o-pliosphoseriiie, Sar = sarcosine. Tan - taurine. 
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DISCUSSION 
Overs!! dianges with Sampling Points 
The PUN concentration changed with six sampling hours during a 12-h period. A signif­
icant quadratic response indicated a postprandial peak of PUN at 5.2 h when averaged over day 
and night. The peak value (4.92 mmol/L) was 14% higher than the prefeeding level (4.30 
mmol/L), which were derived by using the quadratic equation of best fit. This association of 
PUN concentration with sampling times has been observed in other experiments with pigs. 
Eggum (1970) found that the blood urea content increased for the first 3 to 4 h after feeding 
and thereafter reached a plateau during a 5-h sampling period. Malmlof et al. (1989) obser\'ed 
that peak PUN appeared at 4 and 5 h after feeding during an 8-h sampling period. Malmlof et 
al. (1990) also noted that PUN reached a maximum at 4 h after feeding during a 16-h sampling 
period. In such studies, the PUN peak after a meal was graphically illustrated from the PUN-
feeding time plot, and the sampling period did not include the 24-h day. 
There were changes in some PFAA with sampling hours. As shown in Figure 1.2, con­
centrations of total amino acids changed with sampling hours. The changes in the PFAA 
concentration over sampling hours were more pronounced in meal-fed pigs than in those that 
had free-access to feed. This difference is indicated by the interaction of sampling time and 
feeding method. Tumbleson and Schmidt (1986) reviewed plasma EAA for swine and noted 
that EAA levels changed during a fast. Their data indicate maximal values at 2 h of fast except 
for methionine. Similar findings in growing pigs were reported by Braude et al. (1974). In 
the present study, the highest concentrations of most amino acids occurred at 2 h after feeding. 
No published data can be directly used to make a comparison for individuals in the whole 
32 amino acids profile from the present study. Jansen et al. (1991) obser/ed that increasing 
dietary protein quality or quantity increased concentrations of most EAA in serum but that 
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changes in the concentrations of NEAA in serum were variable and inconsistent. We presume 
that the nonsignificant change in glutamine over sampling hours is attributable to its active role 
in transporting ammonia from peripheral tissues to the liver and kidneys (Lehninger 1982). It 
is metabolized rapidly in the body so that concentration tends to change less than those of many 
other amino acids. The lack of significant concentration changes over time for methionine, 
cystine, anserine, camosine, cystathione, 1-methylhistidine, 3-methyIhistidine and o-phospho-
serine were probably due to their markedly low concentrations. On the basis of the present 
results and the review of Tumbleson and Schmidt (1986), methionine seems to be relatively 
constant in blood. For example, in a perfusion study in pigs, concentrations of PFAA reached 
a maximum from 45 to 60 min after the beginning of perfusion during a 5-h period (Rerat et al. 
1988), but methionine did not change. 
Dependence of the Overall Changes on Feeding Methods 
The effect of feeding methods on PUN and PFAA responses to sampling points is evident 
from the significant interactions of feeding method and sampling points. The sampling points 
by feeding methods interactions are illustrated for PUN in Figure 1.1 and for total EAA and 
NEAA in Figure 1.2. From the figures, it is evident that the effect of sampling points on 
PUN, total EAA or NEAA is different for the two feeding methods. Pigs allowed free access 
to food had an almost constant concentration for all plasma metabolites, indicating their inde­
pendence of sampling points. In contrast, the meal-fed pigs had a postprandial peak at 5 h for 
PUN and at 2 h for PFAA, then gradual reductions to prefeeding levels as sampling hours 
progressed. 
All available publications confirm that the nature of dietary protein plays a substantial role 
in variations of PFAA levels, although the publications did not compare effects of different 
feeding methods on PFAA concentrations. There was a publication that noted the possible 
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effect of feeding methods. Galibois et al. (1987) found different PFAA patterns in rats fed 
four dietary proteins. The authors explained the differences as the method of ad libitum 
feeding or meal feeding. 
There might be a circadian rhythmicity with the metabolites tested. When pigs were meal-
fed, concentrations of most PFAA clearly decreased during fasting because portal absorption 
decreased over time. In contrast, pigs given free access to feed had only a 4% fluctuation in 
PUN from the maximum 4.93 to the minimum 4.74 mmo!/L during the day or night and had 
only a slight variation in PFAA concentrations during a 24-h period. In a study by Malmlof et 
al. (1990), pigs fed once per day at 0800 h increased the PUN concentrations to 4 h, then had 
almost constant PUN values until 2400 h. However, the present results showed a significant 
quadratic pattern over sampling hours for PUN, arginine, phenylalanine, (3-aIanine, ornithine 
and taurine during the day or night. Kato et al. (1978) found that the urea concentrations in 
seram had circadian rhythms in the rats fed at libitum. The authors explained the rhythm as the 
circadian rhythm of argininosuccinate synthetase in the liver. Wurtman et ai. (1967) found a 
persistent daily rhythm in the plasma tyrosine concentration in subjects fed a very low protein 
diet for 2 wk. The authors explained the rhythmic fluctuation not as simply resulting from 
cyclic ingestion of protein or from exercise. 
Differences between the Day and Night Periods 
There were no significant differences in average concentrations of PUN, total EAA and 
NEAA, as well as 22 individual amino acids, between the day and night periods. However, 
the day-night time resulted in significant differences in average concentrations of histidine in 
EAA, serine in NEAA, ^-alanine, camosine, cystathione, sarcosine and taurine in LCAA. In 
addition, there were tendencies for differences in average concentrations of tyrosine, anserine 
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and l-methylhistidine. It is not clear whether these latter differences resulted from the day-
night time or from experimental errors. 
Although no direct research data have reported an effect of the day-night time on PFAA 
levels, there are still some considerations with the factor in research. For instance, Galibois et 
ai. (1987), while investigating the effect of four dietary proteins on PFAA levels from the 
portal vein and aorta in rats, withdrew blood samples only at 2000, 2300, 0200, 0500 and 
0800 h during the night 12-h period. The authors did not state their reasons for sampling times 
chosen. Jansen et al. (1991), while investigating the effect of dietary protein quality and 
quantity on free amino acid levels in the brain and serum of rats during lactation, killed animals 
from 0730 to 1430 h. The authors assumed quite small diumal effects of animals sampling. 
Responses to the Day-Night Time in Relation to Feeding Methods 
and/or Sampling Points 
An interaction of the day-night time with the feeding method indicates whether responsive 
changes due to the day or night were the same or different for the two feeding methods. The 
significant interactions for camosine, cystine, and cystathione indicate that concentrations of 
these three amino acids were different, depending upon feeding methods. Concentrations of 
histidine and anserine tended to be different, depending upon feeding methods. In contrast, the 
nonsignificant interactions for PUN, total EAA and NEAA, as well as for 26 individual amino 
acids, indicate that these metabolites had similar concentrations in response to the two feeding 
methods. 
An interaction of the day-night time with sampling points indicates whether responsive 
changes due to the day or night were the same or not for different sampling points at which 
measurements of PUN or PFAA were taken. The significant interaction effects for PUN and 
total branched-chain amino acid, as well as for arginine, threonine, valine and glutamic acid 
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indicate that their concentrations in response to the day or night were different, depending upon 
sampling points. The responses of total EAA and NEAA, as well as histidine, isoleucine, 
leucine, alanine and serine, to day or night tended to be different, depending on sampling 
points. In contrast, the lack of interactions for some EAA and NEAA, as well as for all LC.A.A, 
indicates no such responsive differences in changing with sampling points. These responses 
suggest that concentrations of LCAA remained relatively constant in comparison with those of 
EAA or NEAA. 
Statistical Approach to the Diurnal Variatiorr 
Published research data have indicated that blood urea or PFAA varied with feeding time. 
Ail presentation of the data, especially on blood urea, did not use a statistical approach to the 
variation with sampling times. Instead, a simple plot of the blood metabolites against sampling 
times is frequentiy applied to demonstrate the response trend. By this method, we can visu­
alize how treatment effects on a blood metabolite change as time elapses. Furthermore, in such 
studies, the number of pigs was usually so limited that statistical inferences were impossible. 
In the study reported herein, a switchback design allowed each of the seven pigs to be used 
three times to estimate between-pig and the within-pig effects. This method gave rise to an 
increase in observations on the experimental pigs. In contrast, all the similar studies on PUN 
related to feeding time had few experimental pigs, probably because of possible difficulties in 
surgical catheterization. Also, the pigs were used only once as an experimental unit. The 
largest number of pigs reported was six (Malmlof et ai. 1989, 1990), and the smallest number 
was 1 (Eggum 1970). Some of the reports showed an ambiguous response pattern with large 
variations in PUN data. In addition, the experimental design in the present study allowed the 
measurement of interactions of between-pig factors with the within-pig factors, furnishing 
more information than individual main effects alone. Variations in the standard deviation of the 
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mean for EAA or NEAA between pigs were greater than those for LCA.A. The larger interan­
imai variability may indirectly suggest that concentrations of LCAA are more constant. 
In a typical repeated measures experiment, responsive criteria are measured in several suc­
cessive periods on each subject . Some appropriate statistical techniques were discussed for 
the design by Gill and Hafs (1971). Because repeated measurements are usually correlated, to 
correct these interfering correlations, we used a sphericity test, then took two remedial steps to 
make appropriate statistical inference on effects. In particular, remedial steps were made for 
the orthogonal polynomial contrasts used to characterize the nature of PUN and PFAA diurnal 
change with feeding times. The approach used herein should result in making sound infer­
ences of the data. It should have more comparison power for the data analysis than by simply 
plotting the response by sampling-time. 
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ABSTRACT 
Three experiments were conducted to test the effect of blood-sampling method, dietax\' 
electrolyte balance and water intake on concentrations of blood plasma urea N (PUN) and urea-
cycle amino acids (UAA) in pigs. In Exp. 1, eight barrows with a surgically implanted femoral 
catheter were used to compare the PUN and UAA concentrations between blood-sampling via 
the catheter in a nonexcited state with sampling by anterior vena cava puncture in an excited 
state. Concentrations of PUN, UAA and a-amino N (AAN) were similar (P > .10) regardless 
of the sampling method. In Exp. 2, 12 barrows were allowed free access for a lO-d period to 
either a corn-soybean diet as a control or the diet containing 1% Na^COg substituted for com to 
increase the cation to anion ratio. Added cation (Na) elevated (P < .05) the concentration of 
plasma citrulline in UAA, but did not affect (P > .10) performance, plasma pH, or concentra­
tions of PUN, AAN, arginine and ornithine in UAA. In addition, the treatment shifted the 
forms of N excreted in the urine by increasing urea (P < .05) and decreasing ammonia (P < 
.01), but total N from urea, ammonia and allantoin was the same for both groups. The results 
illustrate a role of the dietary cation-anion balance in synchronizing ammoniagenesis and 
ureagenesis in N excretion via the kidney. In Exp. 3, 12 barrows were used to measure the 
effects of daily water intakes of 1.5 or 3 times feed intakes on N metabolites and performance. 
The low water intake increased (P < .01) PUN, but did not affect (P > .10) ADG, feed effi­
ciency or plasma concentrations of UAA or AAN levels in the pigs. 
Key Words: Pigs, Plasma Urea N, Free Amino Acids, Dietary Electrolyte Balance, 
Water Intake, Urinary N Excretion 
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INTRODUCTION 
It is well known that dietary protein quality is inversely correlated with blood urea level in 
animals (Eggum, 1970). Brown and Cline (1974) were first to use this relationship to 
determine amino acid requirements of pigs. Others have successfully used this method in 
amino acid requirement studies (Lewis, 1992). Little evidence, however, is available for 
potential effects of such factors as the method of restraining for bleeding, limiting water intake, 
and changing electrolyte balance in a corn-soybean diet on PUN and the urea-cycle amino acids 
(UAA) in pigs. 
The purposes of these studies were to determine (1) if there are different PUN" and UAA 
concentrations in pigs bled from the anterior vena cava during excitement or from the femoral 
catheter in a nonexcited state; (2) if changing electrolyte balance (Na 4- K - CI) in a corn-
soybean diet affects PUN, UAA and (or) the distribution of nitrogen forms excreted in the 
urine; and (3) if limiting water intake affects PUN and UAA concentrations. 
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MATERIALS AND METHODS 
Genera! 
This study included three experiments. All experimental pigs were Yorkshire x Landrace 
barrows. The pigs were housed in a temperature controlled room (22°C) with continuous 
lighting. 
The basal diet (Table 2.1) used in ail experiments was a corn-soybean diet formulated to 
contain adequate nutrients for finishing pigs (NRC, 1988). 
The blood plasma samples were analyzed by automated methods for PUN (Marsh et al., 
1965) and a-amino N (Palmer and Peters, 1966). The plasma protein was precipitated with 
SeraPrep® (Pickering Laboratories, Inc., Mountain View, CA). Amino acids were separated 
by ion-exchange chromatography and detected by fluorometiy after post-column reaction with 
o-phthalaldehyde by HPLC (Shimadzu LC-6A, Tokyo, Japan). 
TABLE 2.1 Composition of the basal diet (as fed)^ 
Ingredient % 
Corn, yellow ground 81.605 
Soybean meal (48% CP) 16.000 
Dicalcium phosphate .540 
Limestone .830 
Vitamin premix^ .500 
Sodium chloride .500 
Trace mineral premix^ .025 
^ C a l c u l a t e d  t o  s u p p l y  3 , 3 3 3  k c a l  o f  M E A g ,  1 4 . 4 6 %  C P ,  . 7 0 %  l y s i n e ,  . 5 0 %  C a ,  a n d  . 4 3 %  P .  
^ C o n t r i b u t e d  t h e  f o l l o w i n g  p e r  k i l o g r a m  o f  d i e t :  v i t a m i n  A ,  2 , 2 0 5  l U ;  v i t a m i n  D g ,  5 5 1  l U ;  r i b o f l a v i n ,  3 . 3  m g ;  
n i a c i n ,  1 6 . 6  m g ;  d - p a n t o t h e n i c  a c i d ,  8 . 8  m g ;  a n d  v i t a m i n  B j g ,  1 1  j i g .  
^ C o n t r i b u t e d  t h e  f o l l o w i n g  p e r  k i l o g r a m  o f  d i e t :  F e ,  4 3 . 8  m g ;  2 n ,  3 7 . 5  m g ;  C u ,  4 . 4  m g ;  M n ,  1 5 . 0  m g ;  a n d  I ,  . 5  
m g .  
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An individual pig was an experimental unit in the analysis of all data. All means were 
evaluated by the GLM model of the SAS procedure (SAS, 1988). The model for all response 
criteria included only the treatment except for Exp. 3. The remainder of the model was used as 
an error term. The model for Exp. 3 included pig, period and treatment. 
Experiment 1 
Fourteen barrows, weighing 56.4 kg, were adapted to individual pens for 7 d before the 
surgery began. The pigs were allowed free access to feed and water. 
The pigs were surgically prepared with a catheter in a femoral artery (Swindle, 1983) in a 
random order during a 3.5-d catheterization period. Each pig was fasted for 12 h before 
surgery. On the day of surgery, the animals were anesthetized by i.m. injection of .05 mg/kg 
body weight of Atropine Injectable L.A. (Fort Dodge Lab Inc., Fort Dodge, lA). After 10 
min, they received an i.m. injection of 10 mg/kg of ketamine hydrochloride (Ketaset®, Fort 
Dodge Lab Inc.). The anesthesia was maintained with Halothane USP (Halocarbon Lab, 
North Augusta, SC) and oxygen, which were delivered by nose cone. Silastic® Medical-
Grade Tubing (Dow Coming Corporation, Midland, MI) of ID 1.58 x 3.18 mm was used as 
catheters. Catheters were flushed ever}' other day and refilled with heparinized saline. 
After a 1-wk recovery period, eight of the 14 surgically prepared pigs were used. After 
bleeding from catheters the pigs were immediately snared and bled from the anterior vena cava 
using a syringe and a 10 cm 16 gauge needle. Concentrations of PUN, UAA and a-amino 
nitrogen (AAN) were compared for the effect of restraining with a nose snare. 
Experiment 2 
Twelve barrows, body weight from initial 56 to final 70 kg, were individually housed in 
stainless steel metabolism cages. These pigs were adapted to the cages for 6 d before exper­
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imental treatments began. They were allowed free access to feed and water during the 
adaptation and treatment periods. The experiment was conducted for 10 d. The pigs were 
weighed on the first and the last day of the lO-d experimental period. 
A completely randomized design was used. The pigs were randomly allotted to two treat­
ment diets. One treatment was the basal diet as a control (Table 2.1), the other treatment was 
the basal diet with 1.0% sodium carbonate substituted for com. The dietary electrolyte 
balances (dEB) of the two diets (Table 2.2) were calculated by using the method described by 
Patience (1989). The difference in the dEB levels was contributed by sodium. 
During the last 4 d, total urine collection was made in plastic bottles containing 50 ml 50% 
HCl and 25 ml toluene. The urine passed through a funnel containing a nylon cloth filter. The 
same proportional subsamples from 4 d of total collection were combined. The samples were 
frozen for later analysis of total nitrogen according to the method of AOAC (1975) using the 
Kjeltec System 1028 Distilling Unit, for urea-N by automated analysis (Marsh et al., 1965), 
for ammonia-N by the Permutit method (Oser, 1965) and for allantoin-N by a method by 
Borchers (1977). The latter two methods were modified as spectrophotometric analysis proce-
TABLE 2.2 Calculated content of the monovalent ions in experimental diets (as fed) 
Dietary treatment 
Electrolyte Control NS2CO3 
Na, g/'kg 
K, g/kg 
CI, g/kg 
2.06 6.40 
6.10 6 . 0 7  
3 . 5 0  3 . 5 0  
dEB^, mEq/kg 1 4 6  3 3 4  
^ D i e t a r y  e l e c t r o l y t e  b a l a n c e ,  N a  +  K  -  C I  ( P a t i e n c e ,  1 9 8 9 ) .  
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dures for small sample size (Appendix B and C). The N forms excreted in the urine, i.e., urea, 
ammonia and allantoin were expressed as a percentage of the total N excreted in the urine. 
On d 10, blood samples were taken from the anterior vena cava of the pigs for analysis of 
plasma pH, PUN, A AN, and free amino acids. 
Experiment 3 
The 12 barrows in Exp. 2, weighing 70 kg, were used in this experiment. Water treat­
ments were 1.5 and 3.0 times feed intake. To ensure that daily requirements of nutrients for 
the pigs were met, the feed intakes were calculated according to the DE intake equation of 
Ewan (NRC, 1987). The feed intake was adjusted daily on the basis of the body weight of 
each pig. Body weights were predicted from growth rates during the previous experiment. 
During the experimental period, the daily feed intakes were recorded. The amount of daily feed 
was divided into two equal feedings at 0900 and 1800 h. The diet was mixed with the water 
just before feeding. 
A cross-over design was used with two periods of 7-d each. To eliminate possible effects 
of the the previous experiment treatments, the six pigs from each of the two diets in Exp. 2 
were divided equally into two groups so that water treatments were not confounded by 
previous treatment. Half of the 12 pigs received each water treatment for 7 d and then received 
the other treatment for an additional 7 d in a crossover design. 
Pigs were weighed at the beginning the experiment and reweighed again at the end of each 
treatment period. Blood samples were taken 4 h after feeding from the anterior vena cava on d 
7 of each period. The blood samples were centrifuged twice at 5000 g for 15 min. The plasma 
was analyzed for PUN, UAA and AAN. 
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RESULTS AND DISCUSSION 
Effects of the Method of Restraining for Blood Collection 
The blood-sampling methods did not result in any differences (P > .10) in concentrations 
of PUN, UAA and AAN (Table 2.3). The method of restraint is commonly thought to 
influence blood measurements. For instance. Pond and Houpt (1978) pointed out that anterior 
vena cava puncture can be used for repeated sampling in pigs, but pain and stress to the animal 
may influence the metabolites being measured. Available information only showed effects of 
restraint on some blood parameters, but not urea N in miniature pigs (Wrogemann and Holtz, 
1977). But, effects on PUN and UAA have not been reported in swine. 
Effects of the magnitude of excitement may have been confounded by arterial-venous 
sampling sites for the metabolites measured. However, the literature indicates that differences 
resulting from site of sampling are minimal. Information on the PUN and UAA concentrations 
is very limited. Malmlof et al. (1989) reported similar PUN concentrations in portal and 
arterial blood when the samples were withdrawn at the same time. Baghdassarian et al. (1990) 
found a high correlation (r = .88) and linear relationship between PUN concentrations from 
venous and capillary blood in healthy humans. The mean urea concentration in venous and 
capillary blood was similar. These results seem to suggest a similar PUN concentration 
throughout the circulation system of subjects fed adequate nutrients. 
TABLE 2.3 Comparison of plasma metabolites in pigs with two blood-sampling methods 
Blood-sampling method 
Item Excited Not excited CV 
Plasma urea .N (PUN), mg'dL 
a-amino N (AAN), |imol/dL 
Urea-cycle amino acid (UAA), mg/dL® 
398 
5.9 
8.6 
424 
5.6 
8.7 
22 
23 
18 
t o t a l  o f  p l a s m a  c o n c e n t r a t i o n s  o f  a r g i n i n e ,  c i t r u l l i n e  a n d  o r n i t h i n e .  
PUN in Exp. 1 was relative low compared with other two experiments. This was probably 
because the pigs in this experiment had recently received a surgical catheterization and had less 
voluntary feed intakes. 
Effects of Adding Cation (Na) to a Corn-Soybean Diet 
There were no differences (P > .10) in ADQ, ADFI, and feed efficiency (G/F) between 
pigs fed the control and the sodium carbonate treatments (Table 2.4). Pig performance was 
TABLE 2.4 Effects of adding excess cation (N'a) to a corn-soybean diet on responses in pigs 
Item 
Dietary treatment 
Control Na2C03 CV 
Performance 
ADG, kg 1.16 
ADFI, kg 2.68 
G/F, g/kg 424 
Plasma measurement 
pH 7.31 
Urea N, mg/dL 13.5 
a-amino N, jj.mol/dL 506 
EAA^, mg/dL 21.5 
NEAA'^, mg/dL 60.5 
UAA^, mg/dL 5.6 
Arginine 3.2 
Citrulline* 1.1 
Ornithine 1.3 
1.04 
2.40 
415 
7.37 
14.5 
570 
21.6 
65.0 
6.5 
3.4 
1.7 
1.4 
22.4 
14.3 
20.0 
1.6 
21.6 
14.9 
17.0 
13.2 
24.7 
29.1 
30.4 
18.9 
E A A  i s  t h e  s u m  o f  a r g i n i n e ,  h i s t i d i n e ,  i s o l e u c i n e ,  l e u c i n e ,  l y s i n e ,  m e t h i o n i n e ,  p h e n y l a l a n i n e ,  t h r e o n i n e ,  
t r y p t o p h a n  a n d  v a i i i n e .  
N E A A  i s  t h e  s u m  o f  a l a n i n e ,  a s p a r t i o  a c i d ,  a s p a r a g i n e ,  c y s t i n e ,  g l u t a m i c  a c i d ,  g l u t a m i n e ,  g l y c i n e ,  s e r i n e  
a n d  t y r o s i n e .  
U A A  i s  t h e  s u m  o f  a r g i n i n e ,  c i t r u l l i n e  a n d  o r n i t h i n e .  
*  E f f e c t  a t  P  <  . 0 5 .  
greater than that suggested by NRC (1988) for finishing pigs allowed feed ad libitum. These 
responses indicate that adding excess Na to a corn-soybean diet to create a dEB 2.3 times that 
of the control diet (Table 2.2) was harmless to the animals. 
In the urine (Figure 2.1), the urea-N as a percentage of urine-N increased (P < .05) from 
74% in the control pigs to 78% in the pigs fed additional Na. Correspondingly, ammonia-N 
decreased (P < .01) from 9.9% to 5.5%. No difference (P > .10) in the percentage allantcin-N 
existed between the two groups. As a result, the sum of allantoin-, ammonia- and urea-N 
excreted was identical, about 87% of total N excretion for both treatment groups. These 
responses seemed to indicate an association of urea and ammonia synthesis with maintenance 
of an acid-base balance status in the body. 
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FIGURE 2.1 Effects of adding excess cation to a corn-soybean diet on the forms of N 
excreted in the urine of pigs in Exp. 2. The effects are indicated as "control vs NagCOg": 
allantoin (black), 2.7 vs 2.9%, P > .10; ammonia (striped), 9,9 vs 5.5%, P < .01; urea (grey), 
74.3 vs 78.4%, P < .05. A total of three N forms as a percentage of total N is shown at the 
top of columns. 
Com-soybean diets usually contain some excess of cations relative to anions (N'a -r K - CI). 
Adding additional cation to the com-soybean diet increased dEB from 146 to 334 mEq/kg and 
significantly shifted the balance of N forms excreted in the urine by increasing urea and 
decreasing ammonia. The result could be used to illustrate the relationship between acid-base 
balance and amino acid metabolism pointed out by Patience (1990). He specified that under 
most practical circumstances, ammoniagenesis is synchronized quantitatively with ureagenesis 
such that N excretion remains constant. Slagle and Zimmerman (1979) demonstrated that pigs 
fed a diet with a large excess of anion had extremely low PUN concentrations and the urine 
contained high levels of ammonium salts. 
Changes in the UAA and PUN concentrations suggested a positive effect of high dEB on 
the urea cycle. More recent studies have shown that in terrestrial ureogenic animals, such as 
mammals, ureagenesis plays a central role in regulating acid-base balance in the body (Meijer et 
al., 1990; Atkinson, 1992). Compared with the control (Table 2,4), the pigs fed excess cation 
had a tendency for concentrations of urea and UAA to rise in plasma. In particular, plasma 
citrulline concentration in pigs fed the diet containing high dEB concentrations was 55% greater 
than that in the pigs fed the control diet. Because citrulline is an intermediate in the conversion 
of ornithine to arginine in the urea cycle, this result may demonstrate that excess dietary cation 
is directly associated with a stimulation of the urea cycle. 
Increasing the dEB level was probably associated with an improvement of utilization of 
dietary nitrogen. As the present results indicated, concentrations of AAN and nonessential 
amino acids in the pigs fed excess cation tended to be higher than those in the pigs fed the 
control diet. In contrast, the concentration of essential amino acids was almost identical 
between the treatment groups. More significantly, Haydon and West (1990) reported that in 
pigs, digestibilities of dietary nonessential amino acids increased linearly with increasing dEB, 
but nitrogen and essential amino acids did not Perhaps the nonsignificant difference in these 
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responses from the present experiment was because either the 10-d treatment period was too 
short or the difference between dEB levels was too small. 
Effects of Limiting-Water intake 
Limiting water intake did not affect (P > .10) performance measured as ADG and G/F or 
UAA and A AN levels (Table 2.5). The pigs in the present experiment grew at a rate of about 1 
kg daily although they were limited in feed intake. The performance was superior to that 
suggested by NRC (1988) for finishing pigs allowed feed ad libitum. These results indicated 
that the animals were not stressed by limiting water intake treatment. The present results are 
also similar to many previous studies in which water to feed ratios between 1.5:1 and 3.0:1 
TABLE 2.5 Effects of the limiting-water intake on pigs (Exp. 3) 
Daily water : feed ratio 
item 1.5 : 1 3.0 :1 CV 
ADG, kg 1.00 1.11 1S.9 
G/F, g/kg 333 360 22.6 
Plasma metabolites 
urea N, mg/dL^ 15.4 13.8 8.2 
a-amino N, umol/dL 582 581 10.4 
Urea-cycle amino acids, mg/dL 
Arginine 3.96 3.85 21.4 
Citrulline 1.69 1.67 8.2 
Ornithine 1.83 1.96 16.5 
Total 7.49 7.48 15.4 
^ E f f e c t  a t  P  <  . 0 1 .  
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seemed to have little effect on the performance or carcass quality of growing-finishing pigs 
(NRC, 1988). 
The water treatment of 1.5 times feed intake increased (P < .01) the PUN concentration in 
the pigs (Table 2.5). In general, animals drink water in amounts sufficient to eliminate waste 
salts and urea in the urine (Brooks and Carpenter, 1990). The high PUN concentration in the 
pigs limited in water intake in this study was similar to results reported by Utley et al. (1970) in 
bovine. In their study, PUN concentration was increased significantly by water restriction, but 
not by the free-choice-water treatment. High PUN from water restriction was because the 
elimination of urea as an end-product of N metabolism by adult animals requires considerable 
amounts of water (Campbell, 1973). 
High PUN resulting from water restriction was expected. Urea is synthesized in the liver, 
released into the blood and cleared by the kidney. The urea concentration in the glomerular 
filtrate is the same as in the plasma. Tubular reabsorption of urea varies inversely with the rate 
of glomerular filtrate. Low urine flow leads to an increase in urea reabsorption and a reduction 
of urea excretion as compared with a higher glomerular filtration rate. In this experiment, 
reducing water intake directly depressed the urine flow so that more urea was reabsorbed. As a 
result, the PUN concentration rose. 
58 
IMPLICATIONS 
When plasma urea nitrogen is used as an indicator of protein quality in pig diets, results 
may be confounded by variation in water intake and the cation to anion ratio but not by the 
magnitude of excitement during bleeding. 
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ABSTRACT 
Two experiments were conducted to test the hypothesis that concentrations of blood plasma 
urea N (PUN) and free amino acids (AA) in pigs are not affected by die tar}' CP and energy or 
K contents. Ninety-six pigs (48 barrows and 48 gilts) in each experiment were given free 
access to water and diets. Exp. 1 involved a 2^ factorial arrangement of treatments of barrows 
or gilts, K at 0 or .4% and CP at 13 or 15% of diets with three replications. Equal concen­
trations of CI and lysine were maintained among diets. Barrows had greater (P < .05) PL'N 
than gilts. The pigs fed 15% CP had greater PUN (P < .01), plasma isoleucine and valine (P < 
.10), but less (P < .05) glycine than pigs fed 13% CP. The K addition resulted in an increase 
(P < .10) of PUN and a decrease (P < .05) of plasma alanine and glycine. Plasma lysine and 
glutamic acid were reduced by adding K (interaction, P < .05) suggested a N-sparing effect of 
dietaiv' K. Exp. 2 involved a 2 x 2 x 3 factorial arrangement of treatments of barrows or gilts, 
ME at 3.33 or 3.55 Mcal/kg and CP at 13, 15, or 17% of diets with two replications. Barrows 
tended to have greater PUN than gilts. There was a CP x sex interaction (P < .01) on PUN. 
Increasing CP levels linearly increased PUN (P < .01), plasma threonine and tyrosine (P < 
.05), but decreased total nonessential AA (P < .10). The high ME reduced (P < .10) plasma 
glycine and total sulfur A A. There was a ME x CP interaction on total essential (P < . 10) and 
branched chain AA (P < .05), as well as phenylalanine, glutamic acid and glutamine (P < .10). 
Plasma free AA concentrations of barrows and gilts were similar (P > .10) and dietar\' treat­
ments did not affect most AA. The lower PUN of gilts than barrows suggests that gilts were 
more efficient in use of dietary N than barrows. The data support the idea that more plasma 
essential AA were used for weight gain with increasing CP levels at high energy than at low 
energy intake. 
Key Words: Pigs, Plasma Urea N, Free Amino Acids, Energy, Protein, Potassium 
INTRODUCTION 
Concentrations of the blood plasma urea nitrogen (PUN) are inversely correlated to the 
quality of dietary protein or the rate of muscle growth in animals. A variation in PUN 
concentrations is useful as an indication of inadequate nitrogen intakes or may be theoretically 
valuable for an estimation of lean accretion status. Pigs fed diets containing two CP levels 
supplemented with or without dietar}' potassium (Ewan, 1990) or two energy concentrations 
combined with three lysine levels (Cromwell et al., 1991) showed differences in growth 
performance and carcass characteristics between barrows and gilts. Under these treatments, if 
PUN is an indicator of lean deposition, the pigs exhibiting better growth performance and 
carcass grade should have lower PUN than the controls. In the literature, however, most 
experimmts only demonstrated the effect of dietary protein intake on PUN, but few studies 
have been conducted in finishing pigs to determine whether the dietary levels of protein 
combined with energy or potassium concentrations affect PUN and (or) plasma free amino 
acids individually or interactively. 
The objectives of the present study were to determine effects of the dietary CP and K 
contents, as well as the dietary ME and CP contents on concentrations of PUN and plasma 
amino acids in finishing pigs. 
66 
MATERIALS AND METHODS 
General 
Ninety-six pigs, 48 barrows and 48 gilts, were used in each study. Pigs were given free 
access to water and corn-soybean diets. They were randomly allotted to pens with four 
barrows or four gilts per pen in both experiments. The animals were blocked by weight within 
replications. 
Blood samples were taken via anterior vena cava puncture from the pigs on the last day of 
the experiments. Plasma was separated by centnfugation for analysis of PUN by an automated 
method (Marsh et al., 1965) and for free amino acids by KPLC. For amino acid analysis, 
plasma was deproteinized by adding SeraPrep® (Pickering Laboratories, Inc., Mountain View, 
CA). The resulting plasma supernatant was filtered through a .2 micron filter. Amino acids 
were separated by ion-exchange chromatography and detected by fluorometry after postcolumn 
reaction with o-phthalaldehyde using HPLC (Shimadzu LC-6A, Tokyo, Japan). 
All-data were evaluated by the GLM procedure (SAS, 1988). The statistic model used for 
all responses included block, sex, dietary treatment and their interactions. The interactions of 
block X sex, block x diatarv- treatment and block x sex x dietary treatment were used as error 
terms to test the effects of sex, treatment and the treatment x sex interaction, respectively. The 
main factors and their interactions were tested by orthogonal contrasts with the error term of the 
block X dietary treatment. The pen was the experimental unit in the both experiments. 
Experiment 1 
Pigs initially averaged 51 kg BW and their final B\V was 110 kg. The experiment was 
conducted as a 2^ factorial arrangement of barrows or gilts, dietary K at 0 or .4% and dietary 
CP of 13 or 15% with three randomized complete blocks. There were three pens of barrows 
and three pens of gilts per diet treatment. The experimental procedure was described in detail 
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bv Ewan (1990). Synthetic lysine was added to the 13% CP diets to balance lysine content in 
all diets. The .4% K was provided by adding .9% KCl. Concentrations of CI among the four 
diets were equalized by addition of CaCl?. Calculated content of the monovalent ions in the 
diets are listed in Table 3.1. 
Experiment 2 
Pigs initially averaged 41 kg BW and the nnal BW was 98 kg. The experiment was con­
ducted as a 2 X 2 X 3 factorial arrangement of barrows or gilts, die tar}' ME at 3.33 or 3.55 
Mcal/kg and dietary CP of 13, 15, or 17% of diets with two randomized complete blocks. 
There were two pens of barrows and two pens of gilts per dietary treatment. In this exper­
iment. lysine concentrations increased with increases in CP percentage. 
The calculated analysis was based on NRC (1988). Diets (Table 3.2) were analyzed for 
DM, CP and ether extract according to the procedures of AOAC (1975). Samples were 
hydrolyzed with 6 N HCl for 20 h (Gehrke et al., 1985) and analyzed for amino acids by ion 
exchange chromatography as described for plasma. 
TABLE 3.1 Calculated content of the monovalent ions in the diets of Experiment 1 (as fed)^ 
13% CP 15% CP 
Electrolyte 0%K .4%K 0%K .4%K 
Na, g/kg 1.55 1.55 1.86 1.87 
K, 5.08 9.05 6.15 10.13 
CI, g/kg 5.66 5.66 5.26 5.27 
dEB, mEq/kg^ 37 139 90 192 
^Thc three monovalent ions are contributed from com, SBM, CaCh, L-lysincHO, NaCl and KCl (NRC, 
1988). 
^Dietary electrolyte balance, Na + K - CI. 
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TABLE 3.2 Formulation and composition of experimental diets in bxp. 2 (as fed) 
Item 
Low energy High energy 
13% 15% 17% 13% 15% 17% 
Ingredient 0/ 
Com, yellow ground 84.55 79.40 74.15 79^0 73.95 68.70 
Soybean meal (48% CF ') 12.50 17.75 23.00 12.95 18.20 23.45 
Dicalcium phosphate .90 .90 .90 .90 .90 .90 
Calcium carbonate 1.10 1.10 1.10 1.10 1.10 1.10 
Vitamin-corn premix^ .50 .50 .50 .50 .50 .50 
Salt, iodized .25 .25 .25 .25 .25 .25 
T-M premix (35-C-95)^ .10 .10 .10 .10 .10 .10 
Tallow 
- - - 5.00 5.00 5.00 
Calculated analysis 
ME, kcal/kg 3,331 3.330 3,327 3.552 3,550 3,548 
CP, % 13.9 16.0 18.1 13.6 15.7 17.8 
Lysine, % .60 .76 .91 .60 .75 .91 
Met + Cys, % .51 .57 .62 .50 .55 .60 
.66 .67 .68 .65 .67 .68 
P. % .47 .49 .51 .46 .48 .50 
Chemical analysis 
No. samples 8 8 7 8 7 7 
DM, % 88.4 88.6 88.4 88^ 88.7 8&7 
CP/% 14.0 16.3 18.9 14.0 16.0 17^ 
Lysine .62 .75 .82 .60 .73 .84 
GE, kcal/kg 3,954 3,964 3^64 4,279 4,290 4,260 
Ether extract, % 2.98 2.95 2.64 7.91 7.70 8.08 
^Contributed the following per kilogram of diet: vitamin A, 2,232 lU; vitamin D2, 551 lU; riboflavin, 3.3 mg; 
niacin, 16.5 mg; pantothenic acid, 8.3 mg; and vitamin B-]2. 1 '  |ig.  
^Contributed the following per kilogram of diet: Fe, 50 mg; Zn, 100 mg; Cu, 5.5 mg; Mn, 27.5 mg; and I, .75 mg. 
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RESULTS 
Responses to Dietary Protein and Potassium (Exp. 1) 
PUN. Barrows had average ?UN of 12.4 mg/dL. This was greater (P < .05) than the 9.1 
mg/dL of gilts (Figure 3.1). The pigs fed 15% CP had greater PUN (P < .01) than those fed 
13% CP. Addition of .4% K increased (P < .10) the PUN concentration from 9.9 to 11.5 
mg/dL. There was no CP x K interaction (P > .10). 
Amino acids. Concentrations of plasma free amino acids were similar in barrows and gilts 
(P > .10). Increasing dietary CP levels from 13 to 15% increased (P < .08) concentrations of 
isoleucine and valine, but decreased (P < .05) concentration of glycine (Table 3.3). The sup­
plementation of .4% dietary K did not affect plasma essential amino acids (EAA), but 
decreased (P < .05) concentrations of alanine and glycine. Several interaction effects (P < .05) 
are also given in Table 3.3. 
0%K .4%K 0%K .4%K 
1 3 %  C P  15% CP 
Dietary Treatment 
FIGURE 3.1 Effects of dietary protein (CP) and potassium (K) concentrations on 
plasma urea nitrogen (PUN) in barrows (grey bars) and gilts (black bars). The PUN was 
affected by sax (P < .05), CP (P < .01) and K (P < .10). 
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TABLE 3.3 Effects of dieîar\' protein and potassium levels on 
the concentration (mg/dL) of plasma free amino acids in finishing pigs 
13% CP 5%CP 
Effect of 
Amino acid .4%K 0% K SE main factors^ 
E s s e n t i a l  
Arginine 1.20 1.19 1.23 1.35 .12 ND 
Histidine .87 .84 .80 .79 .05 ND 
Isoleucine 1.21 1.14 1.47 1.42 .10 CP* 
Leucine 2.91 2.53 2.85 2.83 .17 ND 
Lysine 1.51 1.22 .98 1.04 .07 CP***, PK* 
Methionine .62 .53 .57 .55 .05 ND 
Phenylalanine .84 .79 .88 .87 .07 ND 
Threonine 1.00 1.00 1.27 1.20 .13 ST* 
T,-yptophan .47 .48 .51 .54 .06 ND 
Valine 2.83 2.73 3.27 3.19 .21 CP 
TOTAL 13.45 12.54 13.84 13.78 .92 ND 
N o n e s s e n t i a l  
Alanine 3.02 2.22 2.47 2.26 .18 K* 
Asparagine .32 .34 .36 CO
 
0)
 
,03 ST** 
Aspartic acid .24 .22 .26 .24 .03 ND 
Cystine .61 .55 .53 .58 .08 ND 
Glutam.ic acid .88 .66 .62 .60 .03 CP***, K**, PK* 
Glutamine 13.43 14.02 12.49 13.33 1.03 ND 
Glycine 6.1S 4.94 4.81 4.56 .30 CP", K*, 
Serine 1.12 1.11 1.09 1.00 .09 ND 
Tyrosine 1.10 1.03 1.17 1.05 .09 ND 
TOTAL 26.91 25.09 23.81 24.02 1.56 NO 
^ND represents no difference (P > .10).  PK is tl ie CP x K interaction and ST is the treatment x sex 
interaction. No superscript star symbolizes an effect at P < .10, * indicates P < .05, ** P < .01 and " P < .001. 
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Low ME High ME 
Dietary Treatment 
FIGURE 3.2 Effects of dietary' energy and protein concentrations on plasma urea 
nitrogen (PUN) in barrows (grey bars) and gilts (black bars). The PUN was affected linearly 
by CP (P < .05) and the CP x sex (P < .01), but similar between the ME levels (P > . 10). 
Responses to Dietary Energy and Protein (Exp. 2) 
PUN. Barrows had an average PUN of 12,8 mg/dL. This was not different (P > .10) 
from the 10.7 mg/'dL of gilts (Figure 3.2). The PUN concentration increased linearly (P < .05) 
with increasing dietary CP levels, but were similar (P > .10) between the ME concentrations. 
There was a CP x sex interaction (P < .01), but no ME x CP interaction (P > .10) for PUN. 
Amino acids. Concentrations of plasma free amino acids were similar in barrows and gilts 
(P > .10). The high energy treatment decreased plasma leucine and glycine (P < .10), as well 
as valine and total sulfur amino acids (Table 3.4, P < .05). With increasing CP levels from 13 
to 17%, concentrations of plasma threonine and tyrosine increased linearly (P < .05), but total 
nonessential amino acids (NEAA) decreased linearly (P < .10). Several interaction effects are 
also given in Table 3.4. 
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TABLE 3.4 Effects of dietary metabolizable energy and protein levels on 
the concentration (mg/dL) of plasma free amino acids in finishing pigs 
Low energy High energy 
Effects of 
Amino acic 13% 15% 17% 13% 15% 17% SE main factors^ 
E s s e n t i a l  
Arginine 1.18 1.07 1.15 1.41 1.33 .96 .18 NO 
Histidine 1.06 .99 1.03 1.10 1.10 .94 .06 ND 
Isole'jcine 1.54 1.7Ô 2.01 1.76 1.80 1.66 .07 PM-, L" 
Leucine 3.35 3.38 3.48 3.32 3.34 2.88 .11 ME, PM 
Lysine 1.14 1.26 1.28 1.17 1.31 1.15 .13 ND 
Methionine .51 .54 .55 .53 .54 .49 .04 ND 
Phenylalanine .77 .84 .93 .57 .86 .83 .03 PM, L* 
Threonine 1.08 1.25 1.31 1.09 1.19 1.16 .06 CP 
Tryptophan .97 .61 .62 .57 .57 .54 .15 ND 
Valine 3.34 4.00 4.20 3.51 3.69 .07 CP", ME*, PM' 
TOTAL 14.94 15.70 16.56 15.32 15.72 14.34 .54 PM, L 
N o n e s s e n t i a l  
Alanine 2.61 2.19 2.36 2.71 2.53 1.96 .27 ND 
Asparagine .27 .34 .38 .36 .34 .27 .04 ND 
Aspartic acid .19 .17 .20 .19 .20 .17 .02 ND 
Cystine .64 .68 .68 .60 .70 .56 .07 ND 
.SO .57 .70 .21 .74 .62 .05 CP, P'vi 
Glutamine 21.08 17.16 16.27 20.69 19.22 15.76 1.66 CP, PM, L 
Glycine 5.18 5.25 4.87 4.88 4.63 4.35 .24 ME 
Serine 1.24 1.12 1.24 1.11 1.18 1.05 .06 ND 
Tyrosine .98 1.07 1.21 .99 1.02 1.04 .05 CP 
TOTAL 32.88 28.65 27.89 32.34 30.57 25.77 1.96 CP 
AAAb 2.72 2.52 2.76 2.43 2.45 2.41 .16 ND 
BCAAC 8.23 9.14 9.69 8.59 8.82 8.28 .22 CP, ME, PM-, L' 
SAAd 2.12 2.30 2.30 2.00 2.10 1.93 .06 ME*, L 
^ND is no difference (P > .10). P.M is the CP x ME interaction. No superscript star symbolizes an effect at P < .10, 
* indicates P < .05, •* P < .01 and *** P < .001. The L or Q indicates a linear or quadratic effect of CP at the low-
energy, but there were the linear effects on leucine and glutamic acid (P < .05) as well as valine, NEAA and glutamine 
(P< .10) at the high energy. There was Lhe sex-treatment interaction (P < .05) only for cystine. 
^AAA is the sum of phenylalanine, tryptophan, and tyrosine. 
^BCAA is the sum of leucine, isolcucine, and valine. 
^SAA is the sum of methionine, cystine, and taurine. 
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DISCUSSION 
Effects of Sex 
PUN. The PUN data suggested that gilts utilized dietary nitrogen more efficiently than 
barrows. Ewan (1990) and Cromwell et al. (1991) reported that gilts consumed less feed per 
day and were more efficient in utilization of feed than barrows. Pigs in Exp. 1 were the same 
animals as Ewan used in the protein and potassium experiment in which gilts had less backfat 
and a higher carcass grade than barrows (Ewan, 1990). The present study showed lower PUN 
in gilts than barrows. Yen et al. (1986) previously reported that gilts showed significant lower 
PUN and better carcass characteristics than barrows. 
The difference in PUN between gilts and barrows may be related to the effect of feed 
intake. Daily CP and lysine intakes were greater for barrows than for gilts (Table 3.5). In 
Exp. L ADFI of gilts was 15% lower, and PUN was 27% lower than barrows. Similarly, in 
Exp. 2,-ADFI of gilts was about 10% lower, and PUN was 16% lower than barrows. The sex 
difference in PUN may result from a combination of sex differences in feed intake and lean 
growth rate. To use PUN data for an estimation of the difference in the lean growth potential 
between barrows and gilts, the gilts and barrows should have identical nutrient intakes. 
Amino acids. In both experiments, there were no significant differences in the concen­
tration of individual amino acids, EAA, BCAA or NEAA between barrows and gilts. Little is 
known about sex differences in plasma amino acids. Kemm et al. (1990), however, reported 
that the body amino acid composition of boars and gilts fed three CP concentrations was 
similar. The results in the present study suggested that both barrows and gilts use similar 
mechanisms to maintain the amino acid homeostasis in the plasma pool. 
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TABLE 3.5 Daily nutrient intakes of barrows and gilts in Exp. 2 compared with 
the daily requirement in a 73 kg pig recommended by NRC (1988) 
Low energy High energy 
Nutrient 13% 15% 17% 13% 15% 17% Avg 
ME, Mcal^ , (Requirement, 9.90) 
Barrows 9^6 
O
 
O
 9.31 9.74 (^04 9.95 9.65 
Gilts 8.55 9.03 8.55 1^96 8.40 8.90 8.73 
Avg 9.15 9.56 8.93 9.35 8.72 9.42 9.20 
CP.gSbc (Requirement, 397) 
Barrows 410 494 529 
CO CO 
408 499 454 
Gilts 359 442 485 353 378 446 411 
Avg 385 468 507 369 393 472 432 
Lysine, (Requirement,18.2) 
Barrows 18.2 22.7 23.0 16.5 18.5 23.4 20.4 
Gilts 16.0 20.2 21.1 15.1 17.2 21.0 18.4 
Avg . 17.1 21.5 22.0 15.8 17.9 22.2 19.4 
^Linear effect of CP concentration (P < .01). 
^Effect of sex (P < .01). 
^Effect of ME concentration (P < .01). 
"^Effect of ME concentration (P < .05). 
®ME X CP interaction (P < .05). 
Effects of Dietary Energy 
PUN. Varying dietary energy concentration did not affect PUN. As many experiments 
have demonstrated, the energy density in a diet directly affects feed intakes in pigs. In Exp. 2, 
the high energy treatment resulted in a decrease in feed intake so that both CP and lysine 
intakes by the 15% CP group were below the levels recommended by NRC (1988) for 
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finishing pigs (Table 3.5). Cai et al. (1992) reported that weight gain of the pigs fed 15% CP 
was depressed more at the high energy than at the low energy treatment. 
Amino acids. Average plasma concentrations of BCAA, total of sulfur amino acids and 
glycine were greater in pigs fed low energy diets than in pigs fed high energy diets. Indeed, 
these higher concentrations were probably due to different protein intakes rather than the 
energy treatment per se. The CP intakes of pigs fed 13, 15, or 17% protein diets were lower 
within high-energy groups than within low-energy groups. 
Effects of Dietary Protein 
FUN. An increase in dietary protein concentrations usually results in an increase in PUN. 
Excess nitrogen contained in diets is excreted as urea by pigs. Over supply of dietary protein 
provides more N substrates for urea production. The linear dependency of PUN on protein 
concentration was remarkable in Exp. 2. This response was in agreement with the finding that 
the rate of urea production responds linearly to an exogenous amino acid load (Rafoth and 
Onstad, 1973; Vilstrup, 1980). The mechanism for a rise in PUN in rats and mice in response 
to high protein concentrations in diets is the result of stimulation of the activity of urea cycle 
enzymes in the liver (Colombo, 1981). 
Amino acids. Despite the different protein intakes of pigs in these experiments, concen­
trations of most plasma amino acids remained constant. This constant concentration in plasma 
suggests that a dynamic equilibrium exists between the large metabolizable protein pool and the 
free amino acid pools in intracellular and extracellular compartments (Abumrad and Miller, 
1983). Amino acid homeostasis was autoregulated to maintain an adequate distribution of 
amino acids among different organs. 
Increasing CP concentrations, however, elevated concentrations of BCAA in the present 
study. Peters and Harper (1985) observed that plasma BCAA in rats increased in direct 
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proportion to the dietary protein level. Colombo et al. (1992) also found that BCAA were the 
highest in the rat fed the diets containing the highest protein concentration. Kihlberg et al. 
(1982) noted that BCAA decreased if dietar\' protein levels were reduced in rats. Although 
high PUN was derived from high nitrogen intakes, BCAA are not directly used for urea 
synthesis that occurs only in the hepacyte. Instead, the nitrogen from BCAA is used in 
peripheral tissues to form alanine, which serves as the vehicle for transporting nitrogen from 
muscles to the liver. Therefore, at the same exogenous load as other amino acids, BCAA were 
probably released slower from the blood. 
In addition, increasing CP intakes resulted in an increase in concentrations of plasma 
threonine and tyrosine. These two amino acids are among those first limited in a corn-soybean 
diet. The high amino acid intakes, in excess of needs for tissue protein synthesis, resulted in 
their accumulation in plasma. Nutritionally, tyrosine is essential only when phenylalanine is 
absent or deficient in the diet. With increasing exogenous protein intakes, less tyrosine is 
needed for tissue protein synthesis. As a result, less tyrosine was removed by the liver and 
more remained in the plasma. 
The high dietary protein resulted in a decrease of plasma glycine in Exp. I, but not in Exp. 
2. The reason for the different responses is difficult to explain from these studies. The induc­
tion of high dietary protein to a decreased NEAA was similar to the changing pattern in rats 
observed by Colombo et al. (1992). This response suggested that more NEAA were used to 
participate the body protein synthesis under the condition of non-limiting supply of dietary 
nitrogen. 
Effects of Dietary Potassium 
PUN. The supplementation of .4% K added cation relative to anion in the corn-soybean 
diets, resulting in an increase in the cation in the dietary electrolyte balance (dEB) at either 
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protein concentration (Table 3.1). Consequently, there was a corresponding rise of PUN. Cai 
and Zimmerman (1993) reported that a diet containing excess cation added as sodium resulted 
in increased concena^ations of PUN and plasma citrulline, the latter an important intermediate 
amino acid for the conversion from ornithine to arginine in the urea cycle. Because the .4% K 
addition increased feed intakes of the pigs (Ewan, 1990), additional N intakes may also have 
contributed to the increase in PUN. 
Amino acids. A reduction in concentrations of plasma glutamic acid, alanine and glycine 
was likely associated with the high PUN resulting from additional K. Biochemically, glutamic 
acid is an indirect source of urea nitrogen because two nitrogen atoms used in urea biosynthesis 
come directly from ammonia and aspartic acid. Both precursors derive their nitrogen atoms 
from glutamic acid. When most amino acids are metabolized in the liver, the ammonium ions 
yielded must be channeled into the hepatic mitochondria for urea biosynthesis (Krebs et al., 
1978). All amino acids presumably transfer their nitrogen to glutamic acid by transamination 
and thence to ammonia or aspartic acid. 
Alanine plays a special role in transporting ammonia from muscles to the liver. In rats, 
alanine was the most important precursor for ureagenesis when high-protein diets were fed 
(Meijer and Hensgens, 1982). Urea synthesis in pigs is dependent on the hepatic uptake of 
alanine (Vilstrup and Skovgaard, 1988). Both glutamic acid and alanine serve as vehicles for 
transport of nitrogen to and from the liver. Therefore, they are metabolized largely by transam­
ination. Like glutamic acid and alanine, glycine also plays an important role in intermediate 
metabolism. Apparently, the reduction in plasma concentrations of these amino acids indicated 
that more nitrogen was channeled into the liver for urea synthesis, suggesting an active status 
of urea synthesis. 
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Interaction Effects 
Treatment x sex. The interaction of sex with dietary treatments on PUN was different in 
the two experiments. In Exp. ! (treatment x sex, P < .16), the PUN increase was not 
exhibited by the gilts with the 15% CP and A% K treatment. The low PUN of this treatment 
group was related to more efficiently using feed and their better carcass grade reported by 
Ev/an (1990). In Exp. 2 (CP x sex, P < .01), the linear dependency of PUN on the dietar/ CP 
contents was smaller in pigs fed high energy diets than in those fed low energy diets. As 
shown in Figure 3.2, at either energy concentration, increasing CP from 15 to 17% resulted in 
a linear increase in PUN for barrows but a quadratical increase for gilts . These responses 
reflect the sex difference in the N requirement because the intake of CP and lysine met the 
requirement of barrows but not gilts. Gilts require higher concentrations of dietary amino acids 
to maximize lean growth rate than do barrows (Cromwell, 1993). Once the diet met the 
requirement for lysine by gilts (15% CP), increasing CP did not improve the performance. 
CP X K. The CP x K interaction indicated the N-sparing effect of additional K, which was 
manifested by a change in concentrations of plasma lysine and glutamic acid. As shown in 
Table 3.3, plasma lysine decreased as dietary CP rose. The .4% K treatment resulted in lysine 
decreasing 19% at the low CP level and increasing 6% at the high CP level. The obvious 
decrease at low CP reflected more plasma lysine mobilized for weight gain. In fact, Ewan 
(1990) reported that the gain of both body weight and carcass weight in the same pigs at the 
low CP and .4% K treatment was even higher than in those that received the high CP diets. 
The growth responses were quite similar to those observed with the lysine-sparing effect of K 
by Leibholz et al. (1966) where K acetate addition increased the growth rate of pigs fed low 
protein diets. 
In addition, K addition decreased plasma glutamic acid 25% at the 13% CP level, but only 
slightly at the 15% CP level. This interactive response showed a positive association of adding 
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K with PUN. As pointed out in the discussion of dietarj' K effects, the reduced plasma 
glutamic acid indicated that the amino acid was being actively involved in urea synthesis. 
ME X CP. The interaction of dietary energy with protein was not significant for PUN in 
this study. The reduction of PUN at high energy indicates the dependence of dietar}' nitrogen 
udlization on energy supply. During a lactation period from 7 to 28 d, PUN concentrations of 
sows increased in response to high protein level, but PUN levels at high energy intake were 
lower than at low energy intake (Brendemuhl et al., 1987). Beef heifers fed high energy had 
lower PUN than those fed low energy (McShane et ai., 1989). In children, there was a highly 
significant inverse correlation between the calorie to nitrogen ratio and PUN levels (Chen et al., 
1974). All these examples illustrate that increasing energy intakes improve the utilization of 
dietary nitrogen. 
The ME X CP interaction was obvious for some plasma amino acids. Concentrations of 
total EAA and BCAA, as well as leucine, isoleucine, valine and phenylalanine increased 
linearly with increasing the dietary CP levels at the low ME, but not at the high ME treatment. 
On the other hand, with increasing dietary CP from 13 to 17%, the linear decrease in concen­
trations of total NEAA, glutamic acid and glutamine was greater with the high ME than with the 
low ME treatments. The response pattern would support the idea that more of the plasma free 
EAA are used for weight gain with increasing the dietary CP levels at high energy intake than at 
low energy intake. However, the response pattern could also be because pigs took in less N 
with high diets than with low energy diets. 
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IMPLICATIONS 
Blood urea concentration is useful as an indication of inadequate nitrogen intakes or as an 
estimation of lean accretion status in animals. The results from this study showed that higher 
concentrations of blood urea nitrogen were present in barrows than gilts and in the pigs fed the 
diets containing high protein or additional potassium, but was not affected by dietary energy 
concentration. Concentrations of plasma amino acids were relatively constant. 
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ABSTRACT 
Forty-eight 61 kg castrated male pigs, 24 Yorkshire X Landrace (YL) and 24 terminal cross 
of YL by Duroc x Hampshire (YLDK), were used to evaluate the effect of six dietar\' energy 
levels on concentrations of blood plasma urea N (PUN) and plasma free amino acids (AA). 
With increasing dietary ME intakes from 12.42 to 35.01 M J per day, average weight gain 
(ADG) increased linearly accompanied with linear and quadratic decreases in PUN concen­
trations. The responses of ADG and PUN were similar but not parallel between the breed 
combinations. Concentrations of most plasma AA were similar, but 9 of the 27 AA measured 
were lower for the YL than the YLDH pigs. The curvilinear relationship of PUN to energy 
intakes suggested that as lean tissue growth approached a plateau further increases in ME intake 
resulted in relative less protein and more fat deposited. The linear decreases in essential AA 
and linear or quadratic increases in nonessential AA illustrated the dependence of N accretion 
on energy supplies. The nine AA that differed between breed combinations have AA transport 
systems that are Na"^ dependent, suggesting their association with the energy restriction. The 
results showed that YL and YLDH had similar potential for muscle growth. However, the 
nonparallel responses of ADG and PUN or the lower sensitivity of several AA to energy 
restriction suggest a higher rate of N deposition in the YL than in the YLDH pigs. 
INDEXING KEY WORDS: 
• plasma urea N • free amino acid • energy intake • breed • pigs 
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INTRODUCTION 
Urea, a waste product of protein catabolism, is synthesized in the liver and transported by 
blood to the kidney, where it is excreted in the urine. Since Eggum (1970) found an inverse 
correlation between the blood plasma urea nitrogen (PUN)"^ and dietary protein quality, the 
relationship has been used in protein nutrition and metabolism studies to determine the ade­
quacy of amino acid requirement in humans (Tylor et al. 1974) and pigs (Brown and Cline 
1974). The rate of urea synthesis is linearly dependent on the content of plasma a-amino-N 
(Rafoth and Onstad 1973; Vilstrup 1980), a rough measurement of total amino acids. The free 
amino acid (AA) pool is only about 2 to 5% of the total amount of amino-N in the body, but it 
has a rapid turnover, in which the tissues release amino acids into this pool by protein break 
down and take up amino acids from the same pool by protein synthesis. There is increasing 
evidence that availability of amino acids from the blood pool is of primary importance for 
whole body protein balance via changes in protein synthesis (Garlick and Grant 1988). It is 
thus highly probable that changes in the pool have important biological effects on the PUN 
concentration or reflect at least an association with it. Indeed, both plasma AA and PUN 
responses reveal the status of protein metabolism in the body. Therefore, they have been 
effectively used to determine amino acid requirements of animals (Lewis 1992). 
Based on the literature, the magnitude of the demand for protein deposition is dependent on 
three important factors. The first is the genetic potential that determines a particular body size 
and the lean : fat composition of animals. Second, the energy intake determines the rate at 
which tissues can be deposited. For example, pigs weighing 60 kg are in a period in which N 
"^.Abbreviations used: AA, plasma free amino acids; ADG, average daily gain; ME, metabolizable energ}'; 
PUN, plasma urea nitrogen; YL, the Yorkshire x Landrace pigs; YLDH, the YL by Duroc x HampsKir^pigs. 
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accretion is dependent on energy intakes (Edwards and Campbell 1991). Therefore, additional 
protein is deposited only when energy intake is increased. The efficiency of N deposition may 
vary with animal factors such as sex and genotypes. When protein deposition reaches a 
plateau, further increases in energy intake result in a relative preponderance of fat tissue 
growth. Third, the adequacy of other nutrients will determine the extent to which energy can 
stimulate the deposition of lean tissue. It is only when all of these conditions has been satisfied 
that it is possible to effectively assess the potential for lean tissue growth. However, there are 
only a few studies designed in a way that enables one to make these judgements simulta­
neously. 
Little evidence is available for genotype differences in the plasma metabolites such as PUN 
and AA of pigs with varying energy intakes. Theoretically, PUN concentrations are inversely 
related to rate of lean tissue growth if all other factors affecting PUN are held constant, but the 
literature to support this concept are lacking. The objective of the present study was to 
determine whether the relationship between energy intakes and PUN and AA is similar for two 
breed combinations when pigs on all treatments consumed equal amounts of all nutrients except 
energy. 
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MATERIALS AND METHODS 
Animals 
Forty-eight castrated male pigs, 24 Yorkshire x Landrace (YL) and 24 terminal cross of YL 
and Duroc x Hampshire (YLDK), were used in this study. These pigs were obtained through 
two selection schemes. First, candidate pigs weighing 52.8 ± 3.2 kg (mean ± SD) were 
selected from a large group. These pigs were allowed ad libitum, access to a balanced diet for 9 
days as a pretreatment period. Daily feed intake was recorded beginning on the third day after 
the animals were individually penned. Then, six of the pigs in each breed combination were 
chosen for every block on the basis of similar body weight (61.2 ± 2.4 kg) and at least 2.5 kg 
of daily feed intake. The animals were fed experimental diets in two equal meals daily for a 10-
d treatment period. They were weighed again on the last day of each treatment period. 
Room temperature was maintained at 21.0 ± 2.2 °C during the experimental period. 
Diets 
The basal diet (Table 4.1) was formulated to meet the nutrient requirements of 60-kg pigs 
as recommended by NRC (1988). Table 4.2 gives the composition of the basal diet. The 
composition of amino acids in the basal diet (Table 4.3) was formulated to meet the require­
ment for an ideal protein suggested by ARC (1981). Additional energy was furnished by a 
mixture of 95% com starch (National Starch and Chemical Company, Bridgewater, NJ) and 
59o soybean oil. The energy mixture contained 17.58 MJ of metabolizable energy (ME)/kg dry 
matter by calculated analysis (NRC 1988). 
During the treatment period, each pig was fed 0.94 kg of the basal diet per day. Daily ME 
intake of 12.42 MJ per pig from the basal diet was supplemented with 0, 0.29, 0.57, 0.86, 
1.14, and 1.43 kg of the energy mixture, resulting in six ME intake levels of 12.42, 17.00, 
21.42, 26.00, 30.43, and 35.01 MJ per day, respectively. 
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TABLE 4.1 formulation of the basal diet (as fed basis) 
Ingredient g/kg 
Corn, yellow ground 333.5 
Soybean meal (48% CP) 595X] 
Dicalcium phosphate 40.8 
Calcium carbonate 11.2 
Vitamin premix^ 10.0 
Iodized salt 8.0 
Trace mineral premix^ 1.0 
Se premLx'^ 0.5 
^Connribuied the following per kilogram of diet: Vitamin A, 4.410 lU; Vitamin D3. 1,102 lU; Vitamin E, 22 lU; 
Riboflavin. 6.6 mg; Niacin, 33.1 ing; d-pantothcnic acid, 17.6 mg; and Vitamin B% 2, 22 |ig. 
^Contributed the follv/cing per kilogram of diet: Fe, 175 mg: Zn, 150 mg: Cu, 17.5 mg: Mn. 60 mg; and I. 2 mg. 
^Contributed 0.3 ppm (Prince Agri Products, Inc., Plaza Quincy, IL). 
TABLE 4.2 Composition of the basal diet (as fed basis)^ 
Item 
Calculation 
analysis 
Chemical analysis 
Mean CV 
DM, % 
GE, MJ/kg 
ME. MJ/kg 
Protein, g/kg 
Ca, g/kg 
P. g/kg 
13.21 
308.0 
14.9 
12.3 
89.00 
15.89 
313.9 
15.5 
12.0 
0.1 
0.5 
1.6 
7.4 
1.9 
^Additional energy sourse to the basal diet was a mixiture of 95% com starch and 5% soybean oil. The energy 
mixirjre was analyzed for 89.85% DM and 16.55 MJ GE/Tcg, and calculated for 17.58 MJ ME/kg DM (NRC, 1988). 
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TABLE 4.3 Composition of amino acids analyzed in the basal diet (as fed basis)^ 
Chemical analysis Calculation analysis Ideal protein^ 
Amino acid Mean CV % Lys g/16gN Mean % Lys g/'5gN % Lys g/ISgN 
Essent ia !  
Arg 21.22 1.7 121 6.8 23.3 120 7.6 
His 7^3 2.6 45 2.5 8.0 41 2.6 33 2.3 
lie 11.00 2.7 63 3.5 13.8 71 4.5 55 3.8 
Leu 23.38 1.2 133 7.4 25.6 132 8.3 100 7.0 
Lys 17.52 3.1 100 5.6 to
 
100 6.3 100 7.0 
Met^ 4.06 3,2 23 1.3 4.8 25 1.6 25 3.3 
Phe^ 13.77 1.S 78 4.4 15.6 80 5.1 48 3.4 
Thr 11.17 2.9 64 3.6 12.5 64 4.1 60 4.2 
Trp 3.50 7.0 20 1.1 4.4 23 1.4 15 1.0 
Val 12.02 2.6 69 3.8 16.3 84 5.3 70 4.9 
lonessent ia l  
Ala 13.74 1.7 78 4.4 
Asp 32.74 3.4 187 10.4 
Glu 55.39 4.6 316 17.6 
Gly 12.47 3.0 71 4.0 
Ser 17.71 2.5 101 5.6 
Tyr*^ 10.80 2.5 62 3.4 
mean level of amino acids represents in g/kg diet as fed basis. The calculation analysis was based on 
NRC (1988). 
Wlie composition of essential amino acids in "ideal protein" was suggested by ARC (1981). 
half of methionine requirements can be supplied by cystine (NRC, 1988). 
"^Tyrosine is assumed to supply half of the phenylalanine requirements (NRC, 1988). 
Both the basal die: and the energy mixture were analyzed for gross energy by bomb 
caiorimetrv' (Parr Instruments Co., Moline, IL). The basal diet was analyzed for nitrogen by 
the method of AOAC (1975) using the Kjeltec System 1028 Distilling Unit (Tecator ab, 
Sweden). Feed samples were prepared by the AOAC method for determining Ca by atomic 
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absorption spectrophotometry and P by spectrophotometer. Amino acids in the basal diet was 
analyzed using the same procedure as blood samples (described below) except for sample 
preparation method. Feed samples were hydrolyzed with 6 N HCl for 20 h at I05°C for most 
amino acids and with 5 N NaOK for 20 h at 105°C for tryptophan. Because of no significant 
differences in aspartic acid, glutamic acid, methionine and t\Tosine between the acid and basic 
hydrolysis, concentrations of the four amino acids were calculated by averaging values from 
the two methods. 
Blood Samples 
Blood samples were collected in heparinized tubes from an anterior vena cava puncture 3.5 
h after feeding on the last day of the 10-d treatment period. Blood was centrifuged twice at 
5000 g for 15 min. The plasma was frozen in two aliquots. One aliquot was analyzed for 
PUN by an automated method (Marsh et al. 1965). Another aliquot was analyzed for plasma 
free amino acids by HPLC. Plasma protein was precipitated by SeraPrep® (Pickering 
Laboratories, Inc., Mountain View, CA). Amino acids were separated by ion-exchange 
chromatography and detected by fluorometry after postcolumn reaction with o-phthalaldehyde. 
Statistics 
A randomized complete block design was used, which involved two breed combinations 
and six diet treatments with four replications. The pigs were allotted to treatments at random 
within breed combinations and replications. An individual animal was an experiment unit. 
Data without any transformation were statistically analyzed by the GLM procedure (SAS 
1988). The statistic model used for all response criteria included five components: replication, 
breed combination, ME treatment, breed combination x ME interaction and original body 
weight as a covariate. Replication x breed combination x ME interaction (df = 33) was used as 
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an error to test effects of all responses. Within six ME treatment levels, linear, quadratic and 
cubic responses were tested by polynomial contrasts. 
Energy intakes were expressed as daily ME intake per kg of metabolic body weight (\V"5). 
The intercept and/or slope in the regression of weight gain and PUN data on the daily ME 
intake per kg of W-^5 was used to compare potential differences between the YL and YLDK 
pigs. Based on the regression equations, the maintenance requirement for ME was estimated 
for both breed combinations. 
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RESULTS 
Average daily gain (ADG) was similar (P > 0.10) between the YL and YLDH pigs. The 
weight gains of both breed combinations increased linearly (P < 0.0001) with increasing daily 
energy intakes. There was a tendency (P < 0.09) for an interaction between breed combina­
tions and dietary energy intakes as they affected weight gain. For each breed combination the 
linear relationships of ADG to the daily ME intake (X) in kJ per kg W"5 are illustrated in 
Figure 4.1. 
Energy intakes resulted in linear (P < 0.001) and quadratic (P < 0.05) effects on the PUN 
concentrations. Average concentrations of PUN were similar (P > 0.10) between the YL and 
YLDH pigs. When comparing two linear regression equations of PUN on daily ME intake per 
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FIGURE 4.1 Relationship between metabolizable energy (ME) intake and weight gain 
(ADG) in individual pigs. Two regression lines were fitted by the following equations for the 
YL pigs (open dots and broken line) and the YLDH pigs (solid dots and line). 
YL (open dots): ADG = -688.21 + 0.8808 X, R2 = 0.906 
YLDH (solid dots): ADG = -589.32 + 0.7950 X, R: = 0.855 
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FIGURE 4.2 Relationship between metabolizable energy (ME) intake and the 
concentration of blood plasma urea N (PUN) in individual pigs. Two regression lines were 
fitted by the following equations for the 'ît'L pigs (open dots and broken line) and the YLDH 
pigs (solid dots and line). 
YL (open dots): PUN = 13.932 - 0.01033 X + 0.00000242 R2 = 0.844 
YLDH (soHd dots): PUN = 12.495 - 0.00925 X + 0.00000238 X^ R: = 0.752 
kg however, there was a tendency (P < 0.08) for intercepts and slopes to differ between 
breed combinations. The curvilinear relationships of PUN to the daily ME intake (X) in kJ per 
kg W-'^5 aj-g illustrated in Figure 4.2. 
Essential amino acids decreased linearly with increasing dietary ME levels, but were not 
affected (P > 0.10) by the breed combinations (Table 4.4). Concentrations of isoleucine, 
leucine, phenylalanine, tryptophan and valine decreased linearly (P < 0.001) with increasing 
ME treatments. Concentrations of arginine, methionine and threonine decreased linearly (? < 
0,01) and cubically (P < 0.10) with increasing ME levels. In contrast, concentrations of 
histidine increased linearly (P < 0.01) and cubically (P < 0.05) with the ME treatments. The 
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TABLE 4.4 Effects of dietarv' ME intakes on 
the plasma essential amino acids in pigs of two breed combinations 
Dietary treatment 
M i  1  . . 1 1 0  
acid Breed® 1 2 3 4 5 5 CV Effect^ 
m^ol/L 
Arg YL 153 200 182 159 134 144 
YLDH 192 182 155 160 150 145 16.7 L"*. C 
His YL 62 66 62 64 84 
YLDH 55 72 68 73 73 78 12.6 C. L**«, C« 
lie YL 114 117 101 98 85 91 
YLDH 130 121 88 93 102 84 15.3 L*** 
Leu YL 166 155 140 137 115 123 
YLDH 188 174 134 132 137 118 14.S L*** 
Lys YL 150 158 185 151 141 159 
YLDH 180 165 168 165 152 168 20.2 NX) 
Met YL 15 15 15 15 12 14 
YLDH 20 21 15 15 15 16 17.9 G**, L**, C 
Phe YL 77 76 68 63 55 54 
YLDH 85 82 64 66 62 53 13.8 L*** 
Thr . YL 128 137 130 108 79 85 
•/LDH 155 163 125 118 105 93 19.5 G*. L"". C 
Trp YL 33 29 31 31 27 20 
YLDH 34 35 31 24 24 22 22.3 L*** 
Val YL 253 235 210 200 178 172 
YLDH 272 260 196 197 198 166 12.9 L * * »  
"YL is ihe Yorkshire x Landrace pig and YLDH is Ae terminal cross of YL and Duroc x Hampshire pig. 
°G stands for genotype effect. The L or C represents a linear or cubic effect of the ME intake levels. * indicates P < 
.05. *• P < .01 and P < .001. 
YLDH pigs had higher (P < 0.05) average concentrations of three amino acids than the YL 
pigs: histidine 70 vs 64, methionine 17 vs 15, and threonine 127 vs 111 |j.mol/L. Concen­
trations of lysine, however, were not affected by energy intakes and breed combination (P > 
0.10). 
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In general, nonessential amino acids increased linearly (P < 0.05) with increasing dietar\-
ME levels (Table 4.5). Concentrations of alanine and glycine increased linearly (P < 0.001), 
serine and tyrosine increased linearly (? < 0.05) with the treatment levels. In contrast, concen­
trations of aspartic acid decreased lineaiiy (P < 0.01) with the ME treatment levels. Asparagine 
had a quadratic and glutami.ne had a cubic response to the ME treatment levels (P < 0.05). The 
YLDH pigs had higher (P < 0.05) average concentrations of alanine (265 vs 229 umol/L). 
glutamic acid (76 vs 64 umoL'L) and serine (103 vs 93 umol/L) than the YL pigs. 
TABLE 4.5 Effects of dietary ME intakes on 
the plasma nonessential amino acids in pigs of two breed combinations 
Dietary treatment 
rttlllliu 
acid Breed® 1 2 3 4 5 6 CV Effect^ 
jimol/L 
AI3 YL 173 221 236 230 232 283 
YLDH 199 277 240 259 319 298 17.4 C*, L*** 
Asn • YL 74 94 115 97 58 83 
YLDH 85 126 35 114 94 74 37.9 (? 
Asp YL 9 11 8 6 6 6 
YLDH 10 11 S S 7 8 3S.6 L**, C 
Glu YL 52 80 52 60 51 68 
YLDH 69 75 72 75 95 85 27.9 G* 
Gin YL 218 254 256 228 231 282 
YLDH 252 278 237 261 242 245 14.5 C* 
Gly YL 314 369 392 441 472 567 
YLDH 296 434 408 457 489 566 18.0 L*** 
Ser YL 80 97 94 92 88 106 
YLDH 85 110 90 109 102 118 17.0 C, L*. C* 
Tyr YL 88 93 78 73 57 62 
YLDH 95 98 74 68 73 66 15.3 L***, C 
^YL is Ac Yorkshire x Landrace pig and YLDH is the terminal cross of YL and Chiroc x Hampshire pig. 
stands for genotype effecL The L, Q, or C represents a linear, quadratic, or cubic effect of the ME intake levels. 
No superscript star symbolizes an effect at P < .10, * indicates P < .05, ** P < .01 and *** P < .001, respectively. 
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Among the nine less common amino acids determined in the present study (Table 4.6), 
concentrations of a-aminobutyric acid, citraiiine, ornithine, sarcosine and taurine decreased 
linearly (P < 0.01) with increasing dietary ME treatment levels. In contrast, concentrations of 
o-phosphoserine increased linearly (P < 0.01) with the ME treatment levels. The YLDK pigs 
had higher average concentrations of ^-alanine (2.6 vs 1.6) and taurine (50 vs 42), and lower 
3-methyihistidine (8.7 vs 9.6) than the YL pigs (P < 0.05). Concentrations of camosine, 
however, were unaffected by energy intakes and breed combination (P > 0.10). 
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TABLE 4.6 tffecîs of dietary ME intakes or. 
the plasma less common amino acids in pigs of two breed combinations 
Dietary treatment 
Mil 11 n 
acid® Breed^ 1 2 3 4 5 6 CV Effect'' 
limol/L 
aABA YL 5.6 4.8 3.2 2.8 3.1 1.9 
YLDH 6.0 5.8 3.2 2.9 3.5 2.4 37 L*** 
pAla YL 1.4 2.2 1.4 1.1 1.1 1.9 
YLDK 2.0 2.8 2.2 3.1 2.5 2.9 56 Q.* 
Cam YL 5.0 4.8 4.8 4.3 5.2 6.5 
YLDH 4.3 5.6 4.7 6.1 4.5 5.6 32 ND 
Cit YL 44 45 37 34 31 32 
YLDH 46 47 31 29 36 30 19 L*". Q 
3mHis YL :0.5 9.8 10.9 9.3 8.9 8.2 
YLDH 8.3 9.2 8.9 7.7 9.7 8.6 16 G* 
Orn YL 104 94 96 85 81 70 
YLDH 103 90 75 75 73 77 17 
pSer YL 45 45 44 44 46 46 
YLDH 45 42 45 45 47 47 4 L".Q 
Sar YL 105 105 86 64 64 55 
YLDH 88 106 75 76 55 52 30 L * * »  
Tau YL 50 49 51 41 37 21 
YLDH 52 64 60 58 35 28 27 G*. L***. Q*' 
^Abbreviations of amino acid; a ABA. a-aminofaut>Tic acid; (3A!a, (3-aIaninc; Cit, cirrulline; Cam, camosinc; 
SmHis, S-methylhistidine; Om. ornithine; pSer, o-phosphoserine; Sar, sarcosine; Tau. taurine. 
^YL is the Yorkshire x Landrace pig and YLDH is the terminal cross of YL and Duroc x Hampshire pig. 
'^G stands for genotv-pe effect. The L or Q represents a linear or quadratic effect of the ME intake levels. Xo 
superscript star symbolizes an effect at P < .10, but * indicates P < .05, *• P < .01 and *** P < .001, respectively. 
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DiSCUSS!ON 
Linear Dependence of Growth on Energy Intakes 
The linear relationship between growth and energy intakes was expected. In this study 
(Table 4.7), the minimum ME intake of 12.42 MJ per day was 34%, and the maximum ME 
intake of 35.01 MJ per day was 97% of the daily requirement of 36.22 MJ recommended by 
NRC (1988) for a 61 kg pig with ad libitum, access to feed. At the maximum ME intake, ADG 
was 763 g for the YL pigs and 651 g for the YLDH pigs with a mean of 707 g for both. 
Comparing the performance data for the finishing pigs here with those giving ad libitum access 
to feed recommended by NRC (1988), the present weight gain was 93% in the YL pigs and 
799c in the YLDH pigs with a mean of 86%. Pigs in both breed combinations and fed the 
highest energy intake consumed 2.37 kg per day. Therefore, the gain to feed ratios in this 
study was 0.32, 0.27 and 0.30 for the YL, YLDH and their mean, respectively, which were 
TABLE 4.7 The daily requirement and actual intakes of major nutrients 
in the mean of 61 kg pigs^ 
Dietary treatment 
Item 
c-
ment 2 3 4 5 6 
GE, MJ/kg 14.94 19.74 24.37 29.17 33.81 38.60 
ME. MJ 36.22 12.42 17.CC 21.42 26.00 30.43 35.01 
Protein, g 359 295 295 295 295 295 295 
Lysine, g 16.S 16.5 16.5 16.5 16.5 16.5 16.5 
Ca, g 14.2 14.6 14.6 14.6 14.6 14.6 14.6 
P. g 11.7 11.3 11.3 11.3 11.3 11.3 1 1.3 
^The daily requirement was calcaiatcd basing on NiRC (1988) and the actual intake was based on chemical 
analysis. 
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above the 0.26 for ad libitum feeding suggested by NRC (1988). These performance data 
indicate that pigs received adequate nutrients for daily requirements even though the actual 
crude protein intakes were lower than the daily requirement (Table 4.7). In this study, the 
basal diet was formulated to meet the daily requirement of amino acids instead of crude protein. 
It was assumed that the experimental diets had the same ME value for the two breed combi­
nations. This assumption is based on similar efficiency in utilizing dietary energy between 
Chinese pigs (fat genotype) and domestic pigs (lean genotype) found by Kinyamu and Ewan 
(1991). The ME x genotype interaction on ADG suggested that YL pigs grew faster than 
YLDH pigs. Basing on the two linear equations of ADG on energy intakes, a theoretical 
comparison was made for the two breed combinations (Table 4.8). The YL pigs had a 5% 
higher energy requirement for maintenance than the YLDH pigs. As a result, zero energy 
intake would result in 15% more loss of body weight in YL pigs than in YLDH pigs. 
The efficiency of dietary energy utilizing for weight gain in this study was comparable. As 
indicated by the two linear equations of ADG on energy intakes, the reciprocals of the 
regression coefficients describe the increment of ME required to increase body weight by 1 g 
(Table 4.8), i.e., 1 g weight gain required a mean of 18 kJ ME. This value is similar to the 
TABLE 4.8 Theoretical comparison of performance in two breed combinations 
Mean  
we igh t  
(kg) 
No feed ing ,  
da i l y  w t  l oss  
(9) 
S lope  i n  t he  
reg ress i on  o f  ADG 
on  ME In takes  
Da l l y  ME  requ i r emen t  ( kJ )  
Breed^ 
To  ma in ta i n  we igh t  
pe r  kg  W- ' ^  
To  Inc rease  1  g  
we igh t  pe r  p i g  
YL  61 .3  688  0 .881  782  19 .3  
YLDH 61 .2  589  0 .795  741  17 .4  
^YL is the Yorkshire % Landxace pig and YLDH is the terminal cross of YL and Duroc x Hampshire pig. 
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theoretical value of whole body protein turnover in relation to resting metabolic rate in adults of 
mammalian species reported by Young (1991). Basing on the data from different species. 
Young found each gram of protein synthesized has an energy cost ranging from 11 to 23 kJ 
with a mean of 15 kJ. Our result strongly suggests that Young's data on protein synthesis are 
too low for pigs. Furthermore, Ewan (unpublished data) summarized energy cost for protein 
and fat deposition in pigs from a wide sources of experiments covering about 15 years and 
concluded that 1 g weight gain requires 4 to 29 kJ ME. 
Curvilinear Response of Plasma Urea to Energy Intakes 
A highly linear decrease in PUN with increasing energy intakes indicated a general trend of 
N accretion. There has been little information on the effect of energy intakes on PUN. In 
general, the low PUN resulting from high energy intake indicates an improved utilization of 
dietary N for protein synthesis. For instance, during the lactation period from 7 to 28 day, 
PUN concentrations in sows at high energy intake were lower than at low energy intake 
(Brendemuhl et al. 1987). Beef heifers fed high energy had lower PUN than those fed low 
energy (McShane et al. 1989). A highly significant inverse correlation between the calorie to 
nitrogen ratio and PUN levels was found in children (Chen el al. 1974). 
The definite curvilinear decrease in PUN with increasing energy intakes observed in this 
study is probably for two reasons. First, it demonstrates that the linear response of weight 
gain to energy intakes was not entirely because of muscle growth in finishing pigs. As the 
result showed, weight gain responded linearly, but not quadratically, to the levels of energy 
intake, indicating an increase in body weight with energy intakes regardless of protein or fat 
deposition. On the other hand, PUN responded not only linearly, but also quadratically, to 
energy intakes. The curve shape may reflect the feature of protein deposition that is typical of 
pigs weighing more than 50 kg described by Edwards and Campbell (1991). They stated that 
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protein deposition is linearly related to energy intake within limits. However, as protein 
deposition approaches a plateau, further increases in energy intake result in relatively more fat 
than protein deposited. The plateau value represents the animal's genetic limit for protein 
accretion. In this study, within the curvilinear range, an increase in energy intakes would 
result in the deposition of more fat than protein, which was suggested by a slightly plateau 
responses of PUN. 
Secondly, the curvilinear response of PUN illustrates well the theoretical relationship 
between PUN and dietary energy supplies. As illustrated in Figure 4.2, PUN concentration 
was the highest at low ME intake, indicating minimal efficiency of N accretion in animals that 
were most deficient in energy intake. On the other hand, increasing energy intakes result in 
diminishing PUN, indicating a certain limitation of N accretion in the animals that were 
furnished sufficient dietary energy. 
The trend of nonparallel decreases in PUN with increasing energy intakes between breed 
combinations suggests different rates of protein déposition in YL and YLDK pigs. As shown 
in Figure 4.2, the PUN difference between the breed combinations was generally large at low 
energy intakes, but the difference decreased with an increase in energy intakes. This response 
suggests that YL pigs deposit nitrogen less efficiently than YLDH pigs. With high energy 
intakes, however, the response pattern changed, suggesting that YLDH pigs deposited N less 
efficiently than YL pigs. 
The PUN results suggest that the energy intake of pigs having ad libitum access to feed 
limits lean deposition in both breed combinations when pigs weigh 60 kg. Mersmann et ai. 
(1984) found that obese pigs had a low protein requirement and showed higher PUN concen­
tration than lean pigs when both groups were fed isonitrogenous diets. This response is 
because more of the dietary amino acids are deaminated and oxidized as carbon skeletons in 
obese pigs. 
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In this experiment, daily energy intakes of pigs varied by treatments. If increasing energy 
intake was associated with increasing voluntary water intake, then, this relationship may have 
decreased PUN concentrations. 
Inverse Response of Plasma Essentia! and Nonessential Amino Acids 
to Energy Intakes 
There has been little informadon published on the effect of energ}' intakes on plasma AA in 
pigs. The results from the present study showed a linear decrease in plasma essential AA with 
increasing energy intakes except for hisddine and lysine. These decreases reflected higher rates 
of protein accretion with increasing energy intakes. The high concentrations of plasma 
essential AA at low energy intakes was because energy intakes limited protein accretion. Thus, 
less free essential amino acids were removed from the plasma pool. Furthermore, under low-
availability of exogenous energy, there was an increase in muscle break down to meet energy 
requirement for maintenance. As a result, free amino acids accumulated in plasma when the 
pigs were limited in energy intake. As shown in Table 4.4, branched-chain AA decreased 
more than aromatic AA with increasing energy intakes because branched-chain AA are 
dominantly present in muscle. 
Plasma histidine and lysine were not affected by the energy intakes, as were other essential 
AA. In the present study, the concentration of hisddine increased with the energy intakes. 
This response was similar to that of nonessential AA. Indeed, histidine is not a pure essential 
AA, but is essential only under certain situations (Lewis 1991). There have been fewer growth 
trials to determine histidine requirement than those of other essential AA (NRC, 1988). 
Interesting, lysine was the only amino acid completely unaffected by energy restriction among 
the essential AA. This response was probably attributed to its distinct biochemical charac­
teristic. Lysine has a slow turnover rate (Baker 1989) and is one of two essential AA whose 
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a-amino group does not participate in transamination (Mehler 1986). Instead, its amino group 
is transferred to other amino acids, but the reverse does not occur. 
In contrast to essential A A, nonessential AA generally increased with increasing energy 
intakes. Increasing energy supply may increase the biosynthesis and peripheral release of these 
AA so that more nonessential AA accumulated in plasma. A decline of nonessential A.A. at low 
energy intake was similar to the case during starvation in which transamination of these AA 
was increased, too (Abumrad and Miller 1983). Tvxosine is one of the semiessential AA (XRC 
1988). It decreased with increasing energy intakes as did most essential AA. 
Unlike other nonessential AA, plasma glutamic acid was not affected by the energy intakes. 
This response was probably because of its specific feature in amino acid metabolism. Bio­
chemically, transamination aims to channel a-amino N into glutamic acid. All of the amino N 
from the AA that can undergo transamination can be concentrated in glutamic acid. This 
response is important because glutamic acid is the only amino acid in mammalian tissues that 
undergoes oxidative deamination at an appreciable rate (Rodwell 1990). The formation of 
ammonia from a-amino N thus occurs mainly from glutamic acid. In addition, glutamic acid 
can be derived from the incorporation of glutamine by the action of glutamine synthetase 
(Kovacevic and McGivan 1983). Therefore, the concentration of glutamic acid was actually 
buffered by other AA metabolism under varying energy supplies. 
Of the nine less common plasma amino acids determined in this study, those with structural 
similarity were subjected to similar effects by the breed combination or energy intakes. For 
example, ^-alanine behaved like alanine, 3-methylhistidine like histidine, taurine like the sulfur 
amino acid, methionine. On the other hand, the amino acids with functional similarity shared a 
similar response to energy intakes. Three urea-cycle amino acids, i.e., citruline, ornithine and 
arginine, responded similarly. Both a-aminobutyric acid and sarcosine (methylglycine) had 
responses to the energy treatment similar to essential AA. Similarly, o-phosphoserine res­
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ponded like serine regardless of the breed combination effect. Unlike most amino acids, 
camosine, a hisndine-containing peptide, was not affected by the energy and breed combi­
nation treatments. Its function is unknown (Bender 1985). 
Breed Difference of Nine Plasms Amino Acids Related to the Transport 
Systems in Tissues 
The higher concentration of a group of nine AA in YLDK than in YL pigs may be because 
of association with a transport system in AA metabolism described by Christensen (1990). A 
dynamic equibilium in concentrations of plasma AA is maintained by the presence of inde­
pendent regulation via active transport systems for AA in the cell membranes (Collarini and 
Oxender 1987). Active transport is well known for a Na"^ dependent process with energy 
expenditure. In mammalian tissues, there are three major AA transport systems for neutral, 
cationic and anionic AA, respectively (Collarini and Oxender 1987; Christensen 1990). Each 
system is subgrouped into Na+ dependent and Na+ independent, except the cationic AA system 
that has only a Na"^ independent system. All systems characterize with the AA-specific 
function. The transport systems are responsible for maintaining normal concentration gradients 
of individual A_A between plasma and intracellular fluids. 
In this study, the nine AA that had significant differences between breed combinations were 
transported by a Na+ dependent system, basing on two review papers (Collarini and Oxender 
1987; Christensen 1990). Among the transport systems for neutral AA, histidine and 3-
methylhistidine are transported by System N; alanine, serine and methionine (with sulphydryl 
group) are transported by System ASC; threonine is transported by System A; and {3-alanine 
and taurine are transported by the {3-system. Glutamic acid is transported by System X^G in 
the anionic AA-Na^ dependent system. On the contrary, there were no breed combination 
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differences found for six branched-chain and aromatic AA, which are transported by Na^ 
independent systems; system L and system T. 
It is apparent that restricted energy intakes affected the function of AA transport systems. 
Therefore, the same energy restriction depressed activities of certain AA transport systems in 
YLDH more than in YL pigs. Therefore, more AA were accumulated in plasma of YLDH pigs 
than YL pigs. Of course, why some AA that are shared with the same transport systems as did 
the 9 AA were not affected by the breed combinations here is impossible to be explained from 
one experiment in pigs. The present results, however, indicate that the role of transport 
systems in AA metabolism should be addressed in the future. The generic difference in the AA 
transport systems is very possibly present because the transport systems were found to be 
related to some generic disease in humans (Bender 1985). 
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GENERAL SUMMARY 
This dissenation provides experimental data for understanding whether some common 
environmental variables have an influence on concentrations of plasma urea nitrogen and free 
amino acids in pigs. When plasma urea nitrogen is used as an indicator of the adequacy of 
protein (amino acids) intakes or as an estimation of the rate of lean accretion, results may be 
confounded by variation in the blood-sampling times in relation to feeding methods, amount of 
water intake, the cation to anion ratio (Na + K - CI) in diets, dietary protein concentrations, 
dietary energy density or the restriction of energy intakes, but not by the magnitude of excite­
ment during bleeding. Concentrations of most plasma free amino acids were relative constant 
except for an effect of restricted energy intakes on some of them. Differences between pigs in 
rate of muscle growth should be expressed by differences in concentration of plasma urea 
nitrogen if the pigs are fed the same balanced diet and environmental variables are controlled. 
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APPENDIX A 
CONVERSION OF PLASMA MEASUREMENTS TO AND FROM SI UNITS AND THE 
REFERENCE VALUES OF SOME PLASMA METABOLITES FOR PIGS^ 
Molecular 
Component weight 
Present 
reference Current Conversion 
intervals unit factor 
SI 
reference SI Unit Refer-
inten/als symbol enoe^ 
.Ajginine 174.21 1-4 mg/dL 57.40 57-230 umol/L 
Hisiidine 155.16 1.5-2.5 mg/uL 64^5 9TJ61 |i.mol/L 
Isoleucine 131.17 2-4 mg/dL 7&24 152-305 |j.mol,/L 
Leucine 131.17 2.5-5 mg/dL 7624 191-381 umol/L 
Lysine 146.19 4-6 mg/dL 6&40 274^10 umol/L 
\Icihionine 149.21 .1-1.0 mg/dL 6%02 7-67 umol/L 
Phenylalanine 1.5-3.0 mg/dL 6&54 9LJ82 umol/L 
Threonine 119.12 3-6 mg/dL 83.95 252-504 P-mol/L 
Tryptophan 204.22 .1-1.0 mg/'dL 48.97 5-49 umol/L 
Valine 117.15 3-5 mg/dL 8536 256-427 |imol/L 
Alanine 89.10 3-6 mg/dL 112.23 337-673 umol/L 
AsparagLne 132.12 .5-1.2 mg/dL 75.69 3841 M-mol/L 
Aspanic acid 133.11 .3-1.2 mg/dL 75.12 22-90 P-mol/L 
Cystine 24029 .5-3 mg/dL 41.62 21-125 jimoI/L 
Glutamic acid 147.13 4-8 mg/dL 6%97 272-544 M.mol/L 
Glutamine 146.15 2.5-3.6 mg/dL 68.42 171-246 jj.moI/L 
Glycine 75.07 2-7 mg/dL 133.21 266-932 p.mol/L 
Proline 115.13 3-6 mg/dL 86j# 260-521 (imol/L 
Serine 105.10 2-A mg/dL 95.15 190-381 umol/L 
Tyrosine 181.19 1-3 mg/dL 55.19 55-166 p.moi/L 
a-aminobut}Tic acid 103.12 .04-. 1 mg/dL 96^^ 4-10 |imoi/L 2 
Anserine 240.26 .1-.4 mg/dL 41.62 4-6 P-mol/L 2 
CO IQ  
.01-.09 ITig'^L 112.23 1-10 jimol/L 
Camosine 226.23 .1-.14 mg/dL 44.20 5-6 |imol/L 2 
Citrulline 175.20 .6-1.7 mg/dL 57IW 34-97 p.mo!/L 2 
Cystathionine 222.28 .07:09 mg/dL 44.99 3-4 jj.mol/L 2 
1-Methylhistidine 169.20 .05-.07 mg/dL 59.10 3^  p.mol,/L 2 
S-Methylhistidine 169.20 .05-.2 mg/dL 59J0 8-12 |imol/L 2 
Ornithine 132.16 .6-1.1 mg/dL 75^6 45-83 umol/L 2 
o-phosphoethanolamine 141.00 .01-.03 mg/dL 7042 1-2 umol/L 2 
o-phosphoserine 185.08 .6-2.9 mg/dL 54.03 32-157 limol/L 2 
Sarcosine 8&I0 Â-.1 mg/dL 112.23 45-78 |imol/L 2 
Taurine 125.14 .4-1.4 mg/dL 79.91 32-112 |imol/L 2 
UreaN 28.00 5.6-15.1 mg/dL .357 2.0-5.4 mmol/L 3 
^Conversion of older units (mg/dL) to 31 units (|imol/L), le Systeme internaticnal dVnites. by multiplying the 
conversion factor (10 /mol wt x 1000), and the inverse operation by dividing the factor. 
^Present reference intervals of samples in this table are referred from (1) 50 kg pigs in Pond and Koupt, 1978, 
The Biology of the Pig: (2) This study; and (3) Hannon et al. ,1990, Lab. Anim. Sci. 40:293. 
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APPENDIX B 
DETERMINATION OF URINARY ALLANTOIN 
Solutions were prepared volumetricaliy with deionized water. All chemicals were analytical 
reagent grade. 
Reagents :  
1. 0.6 M NaOH — Dissolve 24 g NaOK in 100 ml water. 
2. 2.5 M NaOH — Dissolve 100 g NaOH in 1,000 ml water. 
3. 2 M HCl — Dissolve 172.6 ml 36.5% HCI in 1,000 ml water. 
4. 0.1% 2,4-dinitrophenylhydrazine (DNPH) —Dissolve 0.500 g 2,4-DNPH in 500 mi 
2 M HCI. 
S tandards:  
1. Stock solution — Dissolve 0.100 g allantoin in 1,000 ml water. The concentration of 
allantoin is 0.1 mg per ml. 
2. Working standard — Make to 100 ml with water. 
ml of the stock mg allantoin per 100 mi 
5 0.5 
10 1.0 
20 2.0 
30 3.0 
40 4.0 
50 5.0 
Procedure:  
1. Take 2.5 ml urine sample, plus 0.50 ml of 0.6 M NaOH. Heat in a boiling water bath 
for 15 min. 
2. Add 1 ml 0.1% DNPH to tubes in the hot water bath and heat for another 4 min. 
3. Cool the tubes to room temperature in cold water. 
4. Add 5 ml 2.5 M NaOH to the tubes. 
5. Let stand at room temperature for 10 min. 
6. Read absorbance at 520 nm. 
APPENDIX C 
DETERMINATION OF URINARY AMZ^/IONIA 
Reagents :  
1. Stocking ammonia standard (1.00 mg N/ml) — Dissolve 4.7170 g (NH/)2S0/ in 
1,000 ml freshly boiled water. 
2. Working ammonia standard (0.10 mg N/ml) —Transfer 10.00 ml of the stocking 
standard and dilute to a 100 ml with water. 
3. 2.5 M NaOH — Dissolve 100 g NaOH and make to 1,000 ml with water. 
4. Permutit — Fisher Scientific, Pittsburgh, PA 15219-4785. 
4. Nessler® — HACH Company, Box 389, Loveland, CO 80539. 
Procedure:  
1. Sample preparation — Weigh 1 g Permutit in a 50 ml volumetric flask. Add about 2 ml 
water, then add 1.00 ml urine sample. Rinse down the added urine sample using 2 ml 
water. Shake gently but continuously for 5 min. Rinse the Permutit to the bottom of 
the flask by adding 40 ml water. Allow the permutit to settle, then discard the 
supernatant liquid. Add water again and decant (make sure not to lose any permutit). 
Add about 3 ml water to the permutit, then introduce 1 ml 2.5 M NaOH. Shake for a 
few moments and set aside. 
2. Working standard preparation — Transfer 5 ml working ammonia standard (0.5 mg N) 
to another 50 ml flask. Add 1 ml 2.5 M NaOH in 40 ml water. Mix and then transfer 5 
ml Nessler's solution. Mix and whirl completely (It should show a deep-red, but 
crystal clear color). Dilute contents of the flask containing the permutit and urine 
sample to about 40 ml with water. Whirl the mixture and add 5 ml Nessler solution. 
Dilute the contents of both flasks to 50 ml with water. Read in a photometer at 480 nm 
as soon as the permutit settles. 
3. Blank preparation to zero the absorbance of photometer — Add 40 ml water, 1 ml 2.5 
M NaOH, and 5 ml Nessler solution. Mix and dilute to 50 ml with water. 
Calculat ion:  
Absorbance of sample 
X 1 mg N/ml of sample X 100 = mg NH3-N/IOO ml 
Absorbance of standard 
